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I INTRODUCTION 
1. 
(a) Geography. 
( I ) Situation. Physio graphically the Northern Pennines extend 
from the Tyae Gap i n the north to the Aire Gap i n the south though 
geologically the southern boundary i s usually taken to be the Craven 
D i s t r i c t . They consist of high moorland Intersected by narrow dales. 
West of the northern ha l f i s the Lake Di s t r i c t which i s separated 
from the Pennines i n the north by the Vale of Eden but which i s 
connected fur ther south by Shap F e l l . The steep scarp of the 
western Pennines contrasts with a more gentle slope on the east, the 
dales running down i n the l a t t e r direction towards the Durham Coal-
f i e l d and Vale of York. 
Across the middle of the Northern Pennines l i e s the Stainmore 
Pass. S t r i c t l y speaking th is i s the narrow shoulder at the head of 
the r iver Greta through which the main road and railway now run from 
Bowes but i n geological l i t e r a t u r e , par t icular ly on glaciology, the 
Stainmore gap i s taken to be that area of r e l a t ive ly low ly ing ground 
between Lune Forest and Stainmore Forest. This area i s roughly 
100 square miles . in extent and i n this account i s known as the 
Stainmore Area. 
( I I ) Relief . The geographical importance of the Stainmore 
Area does not l i e i n the fact that i t s al t i tude i s par t icu lar ly low. 
The pass at the head of Wensleydale into the River Eden i s under 
1200' O.D. while the Stainmore Pass i s dust 1400* O.D. I t i s 
however the 'waist ' of the Northern Pennines and the low ground i s 
not confined to one narrow valley_but extends f o r nearly 8 miles i n 
MIEMJE 
2. 
a north-south direct ion. 
I n the west a steep scarp overlooks the head of the Vale of Eden 
into which run short steep streams, the most important of which are 
Swindale Beck, Borrowdale Beck and Yard Bike. The greatest a l t i tude 
i n the area i s reached at the top of the scarp, from which the ground 
slopes away gently towards the east. There i s a th in s t r ip of 
country over 1500* O.D. from the scarp to Just beyond the County 
Boundary, broken only by the Stainmore Pass i t s e l f and by the pass 
between Blrkbeck G i l l , a t r ibu ta ry of Borrowdale Beck, and Black Beck. 
The two highest points are Iron Band at 1845' O.D. i n the north and 
Great Knipe at 1689* O.D. on the southern extremity of the high 
ground. Since they are both formed from the same stratum, they 
r e f l ec t the synclinal nature of the rock structure. 
East of the watershed the streams run i n a direction Just north 
of east into the Middle Tees. The two most powerful are the River 
Lune and River Greta, the former draining the Lune Forest on the 
north of the Stainmore Area, and the l a t t e r draining the Stainmore 
Forest on the south. I n the centre there are two main valleys, 
Baldersdale and Deepdale. The former i s now the more Important f o r 
i t has captured Bunder Beck which i n pre-glacial times made a t h i r d 
stream probably larger than either of the other two. 
Between these valleys there are ridges which also slope gently 
-towards the east. The highest i s the ridge between Lune da l e and 
Baldersdale, known to geologists as the Botany Ridge (Carruthers 
1938). I t maintains an al t i tude of over 1250' O.D. to within two 
miles of the Tees and then drops rapidly. The other ridges f a l l 
more gradually from about 1500* O.D. at the County Boundary towards 
the River Tees which at Barnard Castle i s just under 450* O.D. 
3. 
( I l l ) Climate. The Stainmore Area shows considerable 
variations of climate, pa r t i cu la r ly ©f r a i n f a l l . The average 
annual precipi ta t ion at Barnard Oastle I s about SO Ins. and I t 
Increases towards the west u n t i l I t I s over 55 ins. Cloud cover 
also increases i n the same direction par t i cu la r ly with a westerly 
wind and as the Increase corresponds with a r ise In a l t i tude there 
are substantial changes In the vegetation of the area. 
( i v ) Vegetation. I n Teesdale the land l a mainly enclosed 
as permanent grassland, though a few f i e l d s may be ploughed f o r crops 
of potatoes or oats. Cult ivation extends up a l l the valleys and 
there may even be enclosed f i e l d s on the tops of the ridges between. 
I n general however above the cul t ivat ion l i n e i n the east, Fee cue 
grassland i s dominant, pa r t i cu la r ly between Baldersdale and Deepdale. 
Patches of heather-moor also occur as f a r east as Lamb H i l l , but they 
become more frequent towards the west u n t i l the centre of the area i s 
almost en t i re ly covered by i t . Farther west the r a i n f a l l becomes 
too high f o r heather-moor and bog vegetation replaces i t with I t s 
characteristic cotton sedge. 
Although the type of vegetation i s mainly governed by al t i tude 
and r a i n f a l l , a r t i f i c i a l considerations are important. Grouse are 
reared and sheep are grazed. The heather i s burnt and the bogs are 
drained, both operations tending to Increase the range of heather-moor 
beyond I t s natural range of moderate r a i n f a l l , between 35 ins. and 
45 ins. (Pearsall, 1950). An example of th is i s along the County 
Boundary west of the Lunehead Mines. Heather on the Yorkshire side 
ceases suddenly when the boundary i s reached, though there has been 
no fence along the boundary f o r some years. The reason i s that i n 
4. 
the paat grouse shooting and the consequent encouragement of heather 
growth has been greater i n Yorkshire and i t s e f fec ts are s t i l l 
apparent today. More recently the encouragement o f draining h i l l 
pastures has reduced the area o f bog vegetation considerably, 
par t icu la r ly i n those patches where i t i s due to local topography 
rather than r a i n f a l l . 
f 
5. 
(b) People. 
Since the days of the "Beaker People" about 1800 B.C. the 
8talnmore Pass has been used by man as a means of comraunication 
between east and west England (Pleure 1951). However, though there 
are four tumuli of unknown or ig in near Bowes, nothing def in i te i s 
known of the his tory of the area p r io r to the Romans. 
The Romans b u i l t a major f o r t at Bowes (Lavatrae) which has been 
p a r t i a l l y excavated, e smaller one at Maiden Castle overlooking the 
Vale o f Eden, and there i s also a rhombus shaped camp on the summit 
of the Stainmore Pass, just east of the County Boundary. These were 
to guard the Roman Road which followed the direction of the present main 
road except that a detour with a more gradual gradient has recently 
been b u i l t round Maiden Castle. I t i s apparently th i s detour which 
i s the most frequently blocked part of the road af ter a heavy snowfall. 
The o ld Roman Road, being more exposed, usually remains clear of snow. 
Beside the road, at the summit and wi thin the Roman Camp, i s the 
Rey Cross which was put up i n the 10th century by King Edmund to mark 
the boundary between England and Scottish Cumberland. I t s name wars 
employed by the old geological surveyors f o r a limestone which 
outcrops at that point. This has now been shown to be the L i t t l e 
Limestone. 
The Norman castle at Bowes exemplifies the importance of the ' 
Stainmore route during the Middle Ages and during the 12th century 
a? mediaeval hospital was founded at the spot where a farm called the 
Old Spital now stands. The name Coach and Horses to a farm half-way 
across the moor also i l l u s t r a t e s the use of the road during coaching 
days. However the coming of the railway did temporarily eclipse 
the road, f o r during the 19th century i t reverted to a grass track, 
and I t was not t i l l the present century that i t was revived to become 
6. 
one o f the country's most Important trunk routes. 
I t i s not possible to say when the Stainmore Area was f i r s t 
Inhabited, but the sprinkling of Norse place-names i n Lunedale 
(Hamsden 1947, p.90) may be s igni f icant . Certainly castles i n 
Teesdale were b u i l t i n the 12th century at Barnard Castle and a l i t t l e 
l a te r at Cotherstone, but i t was probably the 18th century before ^the 
out lying d i s t r i c t s , away from the vi l lages , were enclosed (Rais t r i c k 
1946) though no doubt summer pasturing had already been carried on 
f o r some time. 
Today i t . I s apparent that the population i s declining. Quite 
apart from the closure of the Lunehead Mines, farms have recently 
been abandoned, such as Soul g i l l House i n Lunedale, Water Knott In 
Balderedale and Levy Pool i n Deepdale. The Maximum alt i tude f o r 
habitation varies i n the d i f fe ren t valleys depending as much on the 
presenee of a l l uv i a l f l a t s f o r hay growing and on communications as 
on a l t i tude . Old Spltal at 1550' O.D. i s the highest i n the York-
shire part of the area but Wlndmore End, i n Westmorland, l i e s at 
1400* O.D. On the other hand In Lunedale no farm i s over 1250' O.D. 
and i n Baldersdale 1150' O.D. i s the highest point of habitation., 
though Botany Farm i n the east of the area i s situated just below 
the top of the Botany Ridge at 1250' O.D. 
Railways only f r inge the Stainmore Area; the one crossing the 
Stainmore Pass was completed i n 1861 while the one up Teesdale to 
Middleton was opened i n 1868. I n those days there were many tracks 
across the area suitable f o r horse carts but many of these have since 
f a l l e n into disuse. For instance, one i s d e a r l y marked on the map 
from God's Bridge i n the River Greta to Race Yate, between Deepdale 
and Baldersdale, and i t i s part of the present 'Pennine Way', but on 
the ground not even a footpath can be found. On the ether hand a 
track from north Baldersdale to Wham i n Westmorland can s t i l l be 
7. 
traced quite easily and could be traversed by a jeep. 
There are two main roods, one going from Middleton-in-TeesdaLe 
to Brough In the north, and the other from Bowes to Brough i n the 
south. These make the form of a U open to the east since they are 
joined at the base of the U by a minor road running from North 
Stainmore. The open side of the U i s closed by a road from Bowes 
which meets the main Teesdale road at Obtherstone. Following the 
valleys into the area from Teesdale are minor roads up the south 
side of Lunedale and up both sides of Baldersdale. Thus no part 
of the area i s more than three miles from a road. 
8. 
(o) Geology; 
(JO General. The Stalnmore Area i s a physiographic and 
geological depression l y i n g between the two upstanding halves of the 
Northern Pennines. The area was mapped geologically on a scale of 
6 inches to 1 mi le , the l i m i t s being taken, where possible, at the 
base of the Four Fathom Limestone. At the places where such low 
strata did not reach the surface the boundary was drawn i n the north 
at the Lunedale Fault and i n the south at approximately the l i ne o f 
the Stalnmore Summit Fault. No natural boundary offered I t s e l f i n 
the east so precise mapping was concluded at the National Grid l i n e 
400. An arbi trary boundary also had to be drawn i n the N.W. corner 
of the map at a convenient l i ne just west of Swindale Head. 
The strata included i n the survey range from the base of the 
Four Fathom Limestone to the top of the Botany Limestone; that i s , 
they Include, i n l i t ho log i ca l terminology, the top of the Middle 
Limestone Group, the whole of the Upper Limestone Group, and part of 
the Millstone Gr i t . The Middle and Upper Lime8tone Groups are 
separated at the base of the Great Limestone, though there i s no 
agreement In the i r position i n re la t ion to coral-brachiopod zones 
(Dunham 1948, pp. 10-11). The base of the Millstone Grit however 
i s not well defined and i n fac t varies i n horizon throughout the 
Stalnmore Area. Nevertheless, with the lack of precision of eoral-
br&eblopsd zones and the lack of information on gonlatite zones., I t 
i s essential to use the l i t ho log ica l divisions. 
Thus the term 'Yoredales* i s employed f o r strata of the Middle 
and Upper Limestone Groups which show alternations of limestone, 
shale and sandstone. The term f Millstone Grit* i s used f o r strata 
with s similar cycl ic deposition but with substantial and persistent 
9. 
g r i t (as defined below p. 12) l a place of the sandstone. No precise 
l i ne can be drawn between these two f ades and they do grade into 
one another. 
In the goniatlte scale the range of strata extends from the top 
of Pg, probably to the top of Eg, though there i s no direct evidence 
from within the Stalnmore Area. 
The stratigraphy has been divided into cycletheme or units of 
rhythmic deposition, the bases of which were taken to be the bottom 
of the marine members. Only those marine horizons have been used 
which i t was considered extended with certainty throughout the 
Stalnmore Area, so that many of the cyclethems Include minor marine 
bands and are i n e f fec t composite cyclothems. She names of the basal 
members have been employed to designate each cyelothera. 
The nomenclature of the beds i n the Stalnmore Area presented a 
problem. The north of the area coincided with the work of Oarruthers 
(1938) and Dunham (1948), both of whom have used successions from the 
Alston Block. The south of the area, though not actually i n contact, 
was adjacent to areas covered by the authors of the Mallerstang Memoir 
(1891), Hudson (1924, 1985, 1941) and Chubb and Hudson (1925), a l l of 
whom used the nomenclature of the Askrigg Block. In addition Turner 
(1935) covered the western edge of the Stainmore Area using a mixture 
of Alston and Askrigg Block terminology. Final ly , the primary 
geological survey employed d i f fe ren t names f o r the same strata i n 
d i f fe ren t parts of the area. 
As Turner's map i s the only one since the primary survey to 
overlap with the present account, his nomenclature i s used wherever 
possible f o r the primary names of each stratum, though f o r his 
'Fell top Limestone1 the suggestion of Hudson (1941) that they should 
be renamed 'Stonesdale Limestones' to avoid ambiguity has been 
10. 
accepted. Secondary names f o r each stratum are also used on the map 
and i n the description. For instance, i n Lunedale, Alston KLdck 
terminology i s need exclusively and around Bowes the names i n use i n 
North West Swale dale are employed. The pr inciple was to name strata 
af ter these known beds with which correlations were most definite* 
Turner's map ceased at his 'Hil lstone Gr i t ' (the Transgression 
Beds Gri t of the present survey) end so the beds above have either 
been given new names, where no names existed before, or else have 
followed the Alston Block terminology. The only stratum which 
previously had a name exclusive to the Stainmore Area i s that of the 
Botany Limestone. 
Bach cy d o them i s i l l u s t r a t ed i n one or more f igures containing 
ver t i ca l sections, which are le t tered, the i r posit ion being shown on 
an accompanying key map. The l e t t e r s are occasionally employed i n 
the text to refer to a par t icular section. The numbers i n the tex t , 
when three figures or less, designate rock specimen numbers; s ix 
' f igure numbers are National Grid Reference Numbers, the l ines of 
which are shown on a l l the major maps. As f a r as possible a l l 1 place 
names are taken from the 2& inch map, though the name Rowton SLke i s 
used at the Lunehead Mines f o r the continuation of Dowerag Sike, and 
an unnamed stream flowing from the south into the Grassholme Reservoir 
just below the bridge i s called No Name Beck. 
The six-inch maps used were Yorkshire, North Riding, 5 N.B. , 
4 N..W. , 4 N.E. , 5 N.W., 5 S.W., 3 8.E., 4» S.W., 4 S.E., 6 8.W., 10 N.B, , 
11 N.W., 11 N.B. , 12 N.W. , 11 S.W., 11 S.E. , 12 S.W. , 22 N.W., 22 N.B. , 
and Westmorland 16 N.B. , 17 N.W., 16 S.W., 17 S„W., 17 S.E., 24 N.W., 
24 N.B. The geological boundaries were l a t e r transferred to the 
scale of 1 t 26,000 or approximately 2& inches to 1 mi le , using parts 
of Sheets 35/82, 36/32, 35/81, 35/91. These sheets were the basis o f 
the f i n a l copy of the geological map. 
11. 
( i i ) Symbols, Abbreviations and Colours: The symbols and 
abbreviations on the 6 inch maps are as fo l lowst-
Qeological boundary, certain Black l i n e , continuous. 
M * conjectured tt " discontinuous. 
Fault, certain Red l i n e , continuous. 
H conjectured * *» discontinuous. 
Mineral Vein ..•>... Orange l i n e . 
Base ef feature Blue l i n e , arrow 
towards base. 
Boundary of glacial d r i f t Continuous black l ine* 
with t icks towards 
d r i f t . 
Dips are shown by the continental type of s t r ike l i n e ; an arrow 
Indicates the direction of the depositions! dip. 
Limestone • Lst . 
Sandstone • Set. 
Shale • Sh. 
Chert «... Oh. 
Grit Sr. 
Canister • »• 9a. 
Seatearth Seat. 
S i l t s tone S i l t . 
Mudstone • Mud. 
Coal • • 0. 
Ironstone • • • • • • • • I * . 
Conglomerate Congl. 
Flags » Fie. 
Boulder Clay B.C. 
Carbonaceous • Carb,0. 
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Sandy 8a, S. 
Shaly Sh. 
Fossiliferous Foss,F. 
Nodular Nod,N. 
Flaggy F l . 
Compact ... Co. 
Muddy M. 
Argillaceous Arg. 
Siliceous 811. 
Calcareous • Ca. 
Pebbly P. 
Hard Hd. 
Very V. 
Broken * • Br. 
Loose L. 
Black B l . 
Weathered W. 
Specimen no. or Notebook 
reference (345) 
Swallow Holes S.H. 8. 
She colours used on the 6- i n eh and 2|r inch maps are as fol lows: 
Superficial : Alluvium Brown Ochre, pale. 
l i v e r Terrace • • • • N . M dark. 
Solid: limestone ..... Prussian Blue. 
Chert Viole t . 
Sandstone •• Chrome Yellow, pale. 
Grit * * dark. 
Ironstone • • • • • • Orange. 
Shale and unknown Blank. 
1$. 
( l i t ) Qrl t . The retention of the term ' g r i t * needs some 
apology. Original ly the coarse sandstones which dominate the strata 
between the Carboniferous Limestone and the Coal Measures were called 
' g r i t s ' and thus gave the name Millstone Grit to that series of strata. 
Westgarth Ferster, f o r instance, (p.54) uses the term Millstone Or i t 
to designate a stratum which had a coarser grain than freestone. The 
old geological surveyors also used the term ' g r i t ' to describe a 
similar rock. 
On the other hand, modem petrographical custom i s to r e s t r i c t 
the name ' g r i t ' to a sandstone composed of angular grains and on the 
whole the larger the grain size of the* sandstones the more rounded the 
grains become. However i n the Cambrian of the Harlech Dome, f o r 
example, ' g r i t ' i s used to describe sediments containing d e t r i t a l 
fragments ranging from 0.2 mm. to 20 mm. i n size with a shape that 
varies from angular to rounded (Matley and Stacey Wilson, 1946). I n 
the Jurassie the 'calcareous g r i t s ' are only s l i g h t l y arenaceous, the 
'gr i t t iness* being due to quartz- grains or shell fragments which stand 
out on the surface when the calcareous cement has been weathered away. 
Furthermore, Gi l l igan (1919) i n his classic account of the 
petrology o f the Millstone Orit uses the term g r i t f o r the coarser 
sediments. He does not give a precise de f in i t i on of g r i t or sandstone 
but af ter distinguishing three grades of g r i t with the i r largest 
pebbles (1) ever £-lnch, (2) less than £-inch and (3) less than $-ineh 
i n diameter, he mentions sandstone with the largest pebbles less than 
inch (c. 3 mm.) i n diameter, though the average grain size must be 
considerably smaller. 
Thus I t appears that while the petrographer has a res t r ic ted 
de f in i t i on of the word ' g r i t ' , the stratigrapher uses i t i n a much 
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broader sense to embrace many types of rock whose only common factor 
i s a certain 'roughness of f e e l ' . In th i s sense the terra ' g r i t ' 
may be employed f o r the coarse sandstone of the Yoredales and 
Millstone Or i t , and there i s also a classical precedent f o r i t s use. 
I t does not imply the same exactitude as one of the standard 
dimensional classif icat ions. These are of l i t t l e use to the f i e l d 
mapper who cannot giro a precise de f in i t i on to an exposure several 
sguare yards i n extent. 
I n this'.account the term sandstone has been used f o r rocks with 
a grain size o f roughly between 0.05 mm. and 0.25 mm. and the term 
g r i t f o r rocks with a grain size above 0.25 mm., i . e . wi th grains 
that can be clearly seen with the naked eye. Where i t i s d i f f i c u l t 
to decide to which divis ion an exposure or specimen should belong, 
i t has been mapped or recorded as a coarse sandstone. Some g r i t s 
contain pebbles which are d i s t i n c t l y larger than the average grain 
size and may be several centimetres i n diameter. These rocks are 
called pebbly g r i t s . 
15. 
(d) History of Research. 
( i ) Stratigraphy. Although the lead miners of the Northern 
Fennines had undoubtedly already recognised and named many individual 
beds (Dunham 1948, p.3) the geological succession of Alston Moor was 
f i r s t published i n Westgarth Fbrster's 'Treatise on a Section of the 
Strata from Newcastle-upon-Tyne to Gross F e l l ' (1809, 1821). The 
earl iest geological map was due to Winch (1817) who described the 
general geology of Northumberland and Durham. A few years l a te r 
P h i l l i p s published his ' I l l u s t r a t i o n s of the Geology of Yorkshire, 
Part I I , the Mountain Limestone' (1836) i n which he showed that the 
Yoredale Beds and Millstone Gri t of Wensleydale and Swaledale could 
be followed in to Teesdale. 
The next phase of research was the primary six-inch geological 
survey which started i n the Northern Pennines about 1865 and included 
the Stainmore Area. The Yorkshire portion of the area was mapped, 
• 
mainly by W. Gunn, i n considerable de ta i l , with part icular emphasis 
on the obvious 11 tholegical horizons of limestone, sandstone, g r i t and 
coal. Parts of Westmorland were not covered on the six-inch scale 
and those that were have been mapped with very l i t t l e care. However 
the one-inch published maps (Old Series 102 S.E. and 103 S.W.) which 
include the Stainmore Area are extremely accurate f o r Westmorland and 
even i n Yorkshire show some information not present on the six-inch 
map (p. 82)* 
No memoir was issued f o r these sheets or f o r any neighbouring 
sheets except to the west and south-west. The western sheet (Old 
Series 102 S.W.) i s described i n the Appleby Memoir (1897), but since 
the Carboniferous rocks i t describes are some distance from the 
Stainmore Area and are• mainly of a lower horizon, i t i s of very l i t t l e 
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use f o r the present survey. The description of the south western 
sheet however (Old Series 97 N.W.) i n the Ballerstang Memoir (1891) 
i s Invaluable, pa r t i cu la r ly the detailed sections of l i tfaologieal 
su ccea s i one. 
With the completion of the primary survey l i t t l e more was done 
or i n fac t could be done to the so l id geology u n t i l palaeontologies! 
research had established a system of l i f e zones. Meanwhile Tiddeman 
(1872) and Dakyns (1872) had i n i t i a t e d work en the glaeiology of the 
Northern Pennines. Goodchild (1876) showed that the ice from the 
Vale of Eden had pushed ever i n t o the Yorkshire Bales, the detailed 
ef fec ts of which were described by Dwerryhouse (1902). The l a t t e r 
deals with the glaciation of Teeadale, Weardale and the Tyne Valley 
i n a general sense, though Lunedale and Teesdale above Middle ton are 
considered quite thoroughly. More recently the southern margin of 
the Stainmore Area i s reached i n Hais tr ick 's (1926) description of 
the glaciation of Wensleydale and Swaledale, but he only mentions the 
Rivers Greta and Tees ind i rec t ly . The superf ic ia l features of the 
Stainmore Area are described by Faweett i n *The Middle Tees and i t s 
Tributaries* (1916). He had some interesting observations to make 
on the development of the r iver system of Stainmore but he dismisses 
the e f fec t of glaciation very b r i e f l y , being of the opinion that i t 
had l i t t l e influence on the present drainage pattern. His conclusion 
that many of the r ive r directions, such as the River Tees both above 
and below Barnard Castle and the River Greta at Brignall Banks, are 
governed by f a u l t l ines seems quite unwarranted. 
A fresh stimulus was given to the study of the Carboniferous 
System by Vaugham (1905) whose zonal work i n the Br i s to l area was 
applied to the North West Province by Garwood (1907, 1912). Garwood1 
eera!~braciftj^3g^d zones enabled correlations to be carried much fur ther 
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a f i e ld than had previously been possible with l i t ho log ica l mapping, 
out they had the i r l imi ta t ions . F i r s t l y the zones were not f i ne 
enough f o r detailed correlations, and secondly higher up the 
succession with thinner limestones, they were found to be of l i t t l e 
value owing to the scarcity of foss i l s and the slow rate of change 
of those which did exist . 
I n 1924 i t appeared that th i s d i f f i c u l t y might be overcome f o r 
Bleat produced, i n that year, his i n f l u e n t i a l paper on goniatlte 
zones. Goniatites had the merit of rapid evolution and they occurred 
i n a shale rather than a calcareous f a d e s , becoming common where 
corals and brachiopods were scarce. In the Southern Pennines they 
have been Invaluable, but i n the Northern Pennines, f o r some obscure 
reason, the conditions were unfavourable f o r the i r existence and 
though the rare goniatite f inds are very useful f o r distant correl-
ations, they are too few to be used f o r detailed work, which was s t i l l 
dependent on l i tho logy. For strata of the Lower and Middle Limestone 
Groups th is was not serious, as persistent thick limestones were 
frequent and corals and brachiopods were s t r a t i graphically useful . 
Turner (1927) f o r instance, extended the use o f Garwood's zones 
i n Westmorland and shows a map based ent i re ly on faunal zones, with 
l i t t l e attention to the l i tho logy . In his second major structural 
paper (1935), which on the whole deals with higher strata than the 
earl ier work, he employs an essentially l i t h o l o g i c a l concept of the 
stratigraphy. The contrast i n s t r a t i graphical methods i n these two 
papers exemplifies the l imi ta t ions of the eoral-brachiopod zones above 
a certain horizon. 
For the Upper Limestone Group and Millstone Grit o f part of the 
Askrigg Block Chubb and Hudson (1925) were able to establish successions 
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and correlations based on the l i thology and the mapping of some 
fauna! horizons. A l i t t l e la te r Trotter and Hollingworth (1927, 
1932) described i n deta i l the north west corner of the Alston Block 
making great use of 'coal-calcareous'horizons f o r comparative purposes 
i n the higher beds of that area, though when i t came to correlating 
southwards with the Alston sequence they used sandstones, considering 
them to be more persistent than the limestones (1932, p.71). 
The f u l l importance of the marine bands i n the Upper Limestone 
Group and Millstone Grit was f i n a l l y recognized by Carruthers (1938). 
He attempted to correlate the strata between the Great Limestone and 
Millstone Grit from the Tyne to Horth Vest Swaledale crossing the 
Stainmore Area and using horizons which contained marine foss i l s . 
The result of his correlations was to show that the lower part 
of the Millstone Grit of Yorkshire was equivalent to the upper part 
of the Upper Limestone Group of Durham. He traced southwards the 
'Transgression Beds' of Weardale and Teesdale into the Tanhlll Grits 
of North West Swaledale, both of which lay unconformably on the beds 
beneath them. He called this unconformity the Tanhlll Transgression, 
demonstrating how, on parts of the Alston Block, i t cuts out the 
Lower Felltop Limestone which, he considered, reappeared i n the 
Stainmore Area as the Botany Limestone. Whilst agreeing with the 
Carruther's general view* the present survey disagrees strongly with 
many of his detailed correlations, par t icu la r ly as regards the 
posit ion of the Botany Limestone. 
Carruthers pointed out that i t was the marine foss i l s which were 
important, irrespective of the l i tho logy in which they were found, 
though the associated strata must also be taken into consideration 
when iden t i fy ing a marine band. He examined a great number of 
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of isolated stream Beo t ions , sometimes many miles apart, and from 
theee drew his conclusions as to the•correlations between the Alston 
and Askrigg Blocks. However he did no mapping and so f a i l e d to 
realise the significance of structure on his stream sections. In 
addition, as he did not cover a l l the ground he missed a great deal 
of pertinent information, par t i cu la r ly regarding non-marine strata, 
which would have showed that some marine bands are more persistent 
than others and which would have enabled him to correct any mistake 
made i n his correlations of sections, f o r , i n the kind of cross 
country traverse that he onployed, a small i n i t i a l error becomes 
cumulative. 
On the Alston Block at Ooaleleugh, however, Oarruther's i n i t i a l 
succession i s correct f o r Dunham (1948) i n giving fur ther s t r a t i -
graphical details of the northern area, shows a general agreement with 
Carruthers. This i s the latest account of the succession on the 
Alston Block and has been used as a standard reference comparable to 
the Mallerstang Memoir (1891) and Chubb and Hudson's paper (1925) f o r 
the Aekrlgg Block. Hudson (1941) has also given fur ther information 
on the strata adjacent to the Mirk Fe l l Ironstones and he attempts 
to correlate the Alston (Ooaleleugh) succession with North West 
Swaledale. i n spite of using the marine horizons the distances were 
too great f o r his attempt to be any more than an in t e l l i gen t guess and 
some of the details are incorrect. 
Thus i t appears that while marine horizons must form the basis 
of correlations i n the Upper Limestone Group and Millstone Grit i n 
these areas, the distance these correlations can be carried Is l imi t ed . 
Detailed mapping, area by area, fol lowing each marine horizon i s the 
present method of research, using the occasional goniatite f inds as 
checks from one area to another. This was the purpose behind the 
so. 
present survey, which i t was hoped would form a l i n k between the 
successions on the neighbouring areas of the Alston and Askrigg Blocks. 
Previous detailed work en the Stainmore Area, apart from the 
primary geological survey, i s inconsiderable. Garwood (1912) gives 
details of the Botany Beds and thei r fauna. Turner (1935) overlaps 
i n his map and description onto part of the Westmorland scarp. I n 
his traverse across the area Oarruthers (1958) includes several stream 
sections from within i t and Dunham (1948) gives detailed descriptions 
of the mineral deposits of Lunehead and Closehouse. The Stainmore 
Area, however, has never been considered as a whole and the conception 
of i t as a structural un i t i s of recent o r i g in . 
( i l ) Structure. The structure of the Northern Pennines received 
l i t t l e attention before Harr (1921) introduced the conception of the 
r i g i d i t y of North West Yorkshire. Trotter and Hollingworth (1928) 
gave the name of Alston Block to that part l y i n g north of the Stainmore 
Syndine and described i n de ta i l i t s north Western corner. Dunham 
(1935) gave the f i r s t complete account of the Alston Black and i t s 
structural his tory i n re la t ion to outside areas. Meanwhile Turner 
(1927, 1955) was working on the western margin o f the Rigid Block and 
had suggested (1927) that i n early Permian times the Rigid Block 
was a depressed rather than an u p l i f t e d area, as conceived by Kendal 
(1902) and Versey (1927), the present elevation being due to Tertiary 
movements. This view has been confirmed by l a te r research, par t icu la r ly 
by Shot ton (1955) who described the tectonics of the Cross Fe l l I n l i e r . 
The f i r s t to spec i f ica l ly ca l l attention to a syncline i n the 
middle of the Stainmore Area was Versey (1927), though P h i l l i p s 
(1856, p.54) mentions a depression of strata i n the River Tees between 
Bggleston Bridge and Sggleston Abbey and Kendall and Wroote (1924) 
state that the northern limb of the Howgills-Mlddleton Tyas anticl ine 
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forms the southern limb of a syncline I n the Hirer Tees above Barnard 
Castle. Versey i n his description of the 'Northumbrian Fault Block* 
says that a syncline wtrends east-north-east across Getherstene Moor 
and w i l l be called the Cotherstone SynellneM. 
This i s a very accurate description of the synellne. A glance 
at any topographical map of the area w i l l show that Co ther stone Moor 
and. the vi l lage of Co ther stone are only s l i gh t l y south of the synclinal 
trough and that therefore the name i s more applicable than that of 
the Stainmore Syncline, since stainmore, as marked on a map, i s 
l imi ted to the neighbourhood of the Stainmore Pass. The name 
Cotherstone Syncline persisted f o r some time, Turner (1935) s t i l l 
employing that name. 
However Trotter and Hollingworth (1928) had meanwhile wri t ten 
about the * Stainmore depression11 which "divides the Northumbrian 
Fault Block into two both physiographically and structurally* and 
Trotter (1929) refers to "the synclinal depression of Stainmore1*. 
This name has persisted and i n a l l . recent l i t e ra tu re (Dunham 1948, 
Eayner 1952) the name Stainmore Syncline i s used. Provided Stainmore 
i s taken to be the whole depression west of the Tees between Lune 
Forest and Stainmore Forest as i t has long been considered by 
glaeiologists (Ooodchild 1875, Dwerryhouse 1902) i t seems better to 
keep the better known name, though on grounds of p r i o r i t y and 
s t r i c t accuracy the name Co ther stone or Co ther stone Moor Syneline 
would be more correct. 
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I I . STRATI SRAPHY. 
(a) Pour Fathom end I r o n Post Oyclotheme. 
(1) fleaeral. These two cyclothems are taken t o g e t h e r , s ince 
a l though over much o f the ground two can be d i s t i n g u i s h e d o n l y one 
cyclothem occurs i n the Bowes area. There does n o t appear t o he 
any j u s t i f i c a t i o n f o r cons ide r i ng the I r o n Post l imes tone to he any 
more s i g n i f i c a n t than some o f the o the r minor marine hands, e s p e c i a l l y 
the Faraday House Marine Band which has a more widespread ou t c rop . 
I n Swaledale and around Bowes (Geo log i ca l Survey Hap Old Series 
105 S.W.) the l imes tone and cher t are known as the Underse t t . This 
term was also used i n the MaLlers tang (1891) and Appleby (1897) 
Memoirs. However i n the A l s t o n area and on the Old Ser ies Sheet 
102 8 .2 . West g a r t h F o r s t e r ' s (1809) term Four Fathom Limestone was 
employed and t h i s name was also used by Turner (1955) f o r the 
Westmorland p a r t o f the Stainraore Area. 
I n the Bowes area the s t r a t a are v e r y w e l l exposed a t the 
su r f ace . I n a d d i t i o n t hey are recorded f r o m the Mount Pleasant 
Bore. The l imes tone and cher t are w e l l seen a t Gllmonby Bridge 
and i n the R i v e r Greta* j u s t t o the west . N o r t h o f the R i v e r Greta 
they disappear under d r i f t i n an e a s t e r l y d i r e c t i o n , bu t the outcrop 
can be e a s i l y f o l l o w e d i n a 8 .8 .E . d i r e c t i o n as the s t r a t a r i s e up 
the h i l l towards Whorl ends. Westwards f r o m the w e i r below B u l l Bank 
the beds o f the R i v e r Greta and o f Sle ightholme Beck are formed f r o m 
the s i l i c e o u s l imes tone . Thus the base o f the Great Limestone and 
the u n d e r l y i n g rocks are f a i r l y w e l l seen i n the r i v e r banks, and i n 
the t r i b u t a r i e s o f the R i v e r Greta , H u g g i l l Sike and Ghert G i l l . 
Apar t f r o m a t i n y i n l i e r i n the R i v e r Greta , j u s t below God's 
B r i d g e , n o t h i n g more i s seen o f the rooks u n d e r l y i n g the Great 
Limestone u n t i l Westmorland i s reached. Then, a t f i r s t , o n l y the 
base o f the Great Limestone i s exposed, i n Yardstone Beck below 
8ammit Cottages and i n Yard Sike a t P a l l i a r d Scar. E v e n t u a l l y the 
Pour Fathom Limestone i t s e l f ou tc rops en the downthrow s ide o f the 
Stainmore Summit F a u l t , a t a d i s tance o f more than 8 m i l e s f r o m 
Gilmonby Br idge . Along the scarp f rom SO. ape stone to Oabbish Mine 
exposures o f the Four Fathom Gyelothem are q u i t e good, and a more o r 
l e s s cont inuous s e c t i o n i s seen i n S m e l t m i l l Beck above L i g h t Trees. 
From the p o i n t where the ou tc rop crosses the main road , n o r t h westwards, 
d r i f t s and. s h a f t s , dug t o mine the Bordalw Goal ( u n d e r l y i n g the Four 
Fathom Limestone) are almost continuous u n t i l the s t r a t a disappear 
under d r i f t N.W. o f Windmore Bad Quarry. Exposures o f the l imes tone 
are good, as I s the f e a t u r e formed by a massive sandstone a few f e e t 
below i t . Thus, the l imes tone can be mapped w i t h conf idence across 
a number o f B.-W. and B .N .B . f a u l t s . The beds between the Four 
Fathom Limestone and the Great Limestone are exposed i n Borrowdale 
Book; and o c c a s i o n a l l y can be t r a c e d a long the i n t e r v e n i n g f e a t u r e . 
Beyond Windmore Bad Quarry e v e r y t h i n g below the T u f t Sandstone 
i s i obscured by d r i f t u n t i l Swindale Beck i s reached. Jus t below the 
f o o t b r i d g e the Four Fathom Limestone forms a w a t e r f a l l . About 80 ' 
above i t s top i s the base o f the Great Limestone. However the 
i n t e r v e n i n g beds are n o t w e l l exposed, though an approximate s e c t i o n 
can be ob t a ined and a v e r y o r l n o i d a l shale appears a t Swindale Head, 
about 30* below the Great Limestone. 
At Coal G i l l Head the shale above the l imes tone i s seen, and a 
coarse sandstone to the west may be the Quarry Haz le , b u t i t s t r u e 
s t r a t i g r a p h i c a l p o s i t i o n i s d i f f i c u l t t o a s c e r t a i n . Around the 
n o r t h o f Ley Seat exposures o f l imes tone and swallow ho les enable 
the Four Fathom Limestone t o be mapped a c c u r a t e l y , bu t n o t h i n g o f the 
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i n t e r v e n i n g beds are seen u n t i l Cleve Beck i s reaches. Here the 
l imes tone , a g r i t , and the T o f t Sandstone are w e l l exposed, out 
n o t h i n g i s seen between them. At Lune Head House the l imes tone i s 
again seen, as are the beds below the Great Limestone, between 
Benny 3111 and Lune Head House, b u t about SO'-40 ' are concealed 
above the Four Fathom Limestone, and, as i n Cleve Beck, no marine 
rocks can be f o u n d . 
Apar t f r o m a few swallow h o l e s , i n one o f which l imes tone i s 
f o u n d , n o t h i n g more i s seen o f the cyclothem t i l l Wemmergill i s 
reached. Here q u i t e a good succession i s ob t a ined f r o m the Quarry 
Hazle t o the Great Limestone. To the n o r t h o f S l e igh t Edge exposure 
o f l imes tone i s almost continuous as f a r as Low Wythe e, b u t , apar t 
f r o m the T u f t Sandstone the i n t e r v e n i n g beds are n o t exposed. 
Bastwards, d r i f t obscures a l l the s o l i d geology, b u t , i n Car l Beck 
are exposed sandstones which are b e l i e v e d t o u n d e r l i e the Four 
Fathom Limestone , s ince the Three Yard Limestone appears below them. 
To the east o f Grassholme Reservo i r scraps o f l imes tone are seen, 
and there i s one exposure o f the base o f the Great Limestone. 
Otherwise d r i f t obscures the cyclethem. At Bggleston B r i d g e , 
however, the Four Fathom Limestone i s f u l l y exposed n o r t h o f the 
Lunedale F a u l t . 
U n d e r l y i n g Bads. Throughout the area carbonaceous beds 
occur below the Four Fathom Limestone. At Bggles ton Br idge the 
ac tua l base i s n o t seen, b u t about 4* below i t there are 6 f o f 
carbonaceous shales and s i l t s t o n e s c o n t a i n i n g many p l a n t remains. 
These o v e r l i e 12* o f f l a g g y sandstones. I n Swindale Beck, 2* o f 
gani8ter u n d e r l i e the l i m e s t o n e . 
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Elsewhere, a coal occurs wherever the base i s seen. This i s 
o n l y S" t h i c k i n the Greta R i v e r below Gilmonby B r i d g e , and i t i s 
r a t h e r sha ly . Below i t are a t l e a s t 2* o f carbonaceous sandstones 
pass ing down i n t o f l a g g y sandstones a t l e a s t 3 0 ' - 4 0 ' t h i c k , w h i c h , i n 
the Mount p leasan t Bore, are 8 6 ' t h i c k w i t h shales and sandstones 
above. Near Lune Head House the re i s also coa l below the l i m e s t o n e . 
Th i s cannot now be seen, bu t the Survey Hap r e p o r t s a th ickness o f 
l ' 6 t t . I t i s , however, a long the Pennine scarp , above N o r t h Stainmore, 
t h a t the coal reaches i t s f u l l development. Here i t i s known as the 
Bra*&at£e. coal and was worked u n t i l r e c e n t l y , b u t , owing to the N . E . 
d i p o f the r o c k s , water drainage became too expensive and the workings 
were c losed down. The coal was up to 2 ' t h i c k (Smi th 1912) and was 
worked f o r a d i s tance o f 2 m i l e s a long the scarp , between Banks Gate 
and Windmore End Quarry. South eastwards i t t h i n s t o 6 N a t L i g h t 
Trees. I n the same area the f l a g g y sandstones below the coal pass 
down i n t o a compact sandstone, i n p laces v e r y coarse and even 
approaching a g r i t . Th i s coarse development o f the sandstone i s 
also seen near Coal g i l l Head. 
lltt) Four Fathom and Under s e t t Limestones. This i s a t y p i c a l 
Yoredale Limestone, da rk , f i n e - g r a i n e d , w i t h numerous f o s s i l f r agmen t s , 
m a i n l y e r i n o i d o s s i c l e s . I t s th ickness v a r i e s f r o m about 1 2 ' - 2 5 ' , 
these two extremes b o t h o c c u r r i n g i n the Bowes area. I n the Mount 
p l easan t Bore the re are recorded 25 ' o f grey and b u f f c r i n o i d a l 
l imes tone l y i n g above 3" o f h a r d , da rk , v e r y f o s s i l i f e r o u s sha le . 
The l imes tone has a h i g h p r o p o r t i o n o f darker cement towards the t o p , 
and a 9" band o f l imes tone conglomerate 7 ' above the base (Johnson, 
persona l communication). I n the R ive r Greta o n l y 12 ' o f l imes tone 
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can be seen and, though t h i s may n o t be the f u l l t h i c k n e s s , i t i s 
undoubtedly much l e s s than i n the Mount Pleasant Bore o n l y 2& m i l e s 
away. No cher t and no c o r a l band can be seen. 
Throughout the remainder o f the area there i s a c o r a l band a 
few f e e t f r o m the base o f the l i m e s t o n e . This i s recorded by M i l l e r 
and Turner (1951) f r o m the Bent L i n e D i s t r i c t , the Snap D i s t r i c t , and 
f r o m near Brough. They s t a t e t h a t i t i s about 2 ' above the base o f 
the l imes tone . I n t h i s area i t i s u s u a l l y some 6 ' above the base 
and i s about 2 ' t h i c k . I t cons i s t s o f r o l l e d c l i s i o p h i l l i d co ra l s 
which s tand out on a weathered s u r f a c e . Chert nodules are u s u a l l y 
associa ted w i t h the band. As the l imes tone i s f o l l o w e d eastwards 
down Lunedale the band becomes t h i n n e r . I t p e r s i s t s s u b s t a n t i a l l y 
as f a r as Low Wythes where there are b o t h co ra l s and cher t nodules . 
No t r a c e o f e i t h e r can be found east o f the Grassholme Rese rvo i r , 
though a d m i t t e d l y exposure i s v e r y poor . A t Eggles ton B r i d g e , 
however, there i s a 6 M band w i t h s c a t t e r e d c o r a l s , b u t no c h e r t , 
5 1 above the base. 
{XV) Shale. I n the Mount Pleasant Bore there are 13* o f 
f o s s i l I f e r o u s shale between the l imes tg i i e and che r t . 
The d e t a i l s are as f o l l o w s : 
F t . I n s . 
B lack , f i n e g ra ined , s l i g h t l y calcareous sha les , 
r a t h e r tough i r r e g u l a r f r a c t u r e . Extens ive 
s c a t t e r e d fauna , l a r g e gastropods, 
l a m e l l i b r a n e h s and brachiopods , w i t h 
orthocone n a u t i l o i d s and f i s h f ragments 1 0 
Black , f i n e g r a i n e d , non-calcareous shales . 
Tough, d i f f i c u l t t o c leave . Sca t te red fauna 
and some r i c h e r bands, gastropods, e s p e c i a l l y 
Penta l ium; Lamel l ib ranehs , brachiopods and 
orthoeone n a u t i l o l d s • • • • • • 
Tough, b l a c k shale w i t h p y r i t e and s c a t t e r e d smal l 
i r o n s t o n e nodules . Sca t te red f auna , l a m e l l i -
branchs and gastropods w i t h brachiopods. One 
band conta ins many orthocone n a u t i l o i d s and 
mol luscs • 
Tough b l ack mudstone shale with-much p y r i t e i n 
nodules and markings on the shale . Many 
Bqphemites. orthocone n a u t i l o i d s , w i t h l a m e l l i -
branohs and gastropods, f ew P r o d u c t i d s , f ew 
specimens o f Pos idon la membranacea (M'Ooy) and 
8 g o n i a t i t e s . De te rmina t ion has been 
conf i rmed by Dr. S t u h b l e f i e l d and Mr. B l s a t as 
Qlr tyogeras? costatnm Ruprecht and o t h e r 
g o n i a t i t e s r e f e r a b l e t o g i r t y o c e r a s i n d i c a t i n g 
a h i g h Pg age (f iayner 1953) • 
Black , u n f e s s i l i f erous shale w i t h i r o n s t o n e . 
I rons tone a t the top w i t h b l ack shale mudstone 
and a few s c a t t e r e d s h e l l s 
Broken masses o f b l a c k sha le , ve ry weathered; 
many s h e l l remains i n c l u d i n g braehiopods , l a m e l l -
ib ranchs and gastropods. One f i s h t o o t h 
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U n f o r t u n a t e l y these beds are n o t exposed a t the sur face I n the 
Bo we» area. I n the hank o f the R ive r Greta above Gilmonby Br idge 
the re are about 5 ' o f shale above the l imes tone . Though the shale 
was searched tho rough ly no l a m e l l i b r a n c h s o r g o n l a t i t e s were f o u n d . 
The shale i s dark grey w i t h a few i rons tone nodules and con ta ins no 
p y r l t e . I f the g o n i a t i t e h o r i z o n e x i s t s he r e , i t must be j u s t above. 
However, the rocks above are complete ly obscured by d e b r i s f r o m a 
e l i f f o f cher t and s i l i c e o u s l imes tone SO yards back f r o m the r i v e r . 
I n Westmorland a s l i g h t l y f o s s i l i f e r o u s shale pass ing up i n t o 
u n f o s s i l i f e r o u s sandy shale i s seen i n S n e l t m i l l Beck, and i n 
Swlndale Beck there i s a v e r y f o s s i l i f e r o u s sha le , f u l l o f c r l n o i d 
stems and brachlopods , above the l imes tone . At Goal g i l l Head there 
are over 15* o f b l a c k shale w i t h nodules above the l imes tone , v e r y 
s l i g h t l y f o s s i l i f e r o u s a t the base. The shale becomes sandy h i g h e r 
up and passes i n t o sandy shale w i t h sandstone r i b s . The shale i s 
again seen a t Low Wythes and a t Sggleston B r i d g e , b u t i n none o f 
these shale exposures can a n y t h i n g comparable w i t h the g o n i a t i t e 
h o r i z o n be f o u n d . 
(•$) Underse t t g h e r t . I n the Bowes area the Underse t t Chert i s 
w e l l developed!. Elsewhere no cher t occurs and, as was seen above, 
the f o s s i l i f e r o u s shale passes up I n t o non-marine s t r a t a which 
become g r a d u a l l y coarser i n g r a i n s i z e . 
The cher t i s a t l e a s t 1 4 1 t h i c k i n the c l i f f above the R i v e r 
Greta , b u t the base i s h idden and i t may be t h i c k e r . I t i s a dark 
c h e r t , r a t h e r f o s s i l i f e r o u s and o f t e n ve ry calcareous. There are 
bands o f p u r e r cher t among the more calcareous l a y e r s . Above i t 
are 6 ' o f s i l i c e o u s l imes tone w i t h t h i n in te rbedded shales and 
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these are o v e r l a i n by f o s s i l i f e r o u e shales f r o m 5* - 10* t h i c k . 
These beds v a r y l a t e r a l l y , w i t h passages f r o m one l i t h o l e g y to 
another . A comparison w i t h the Mount Pleasant Bore, where the cher t 
appears towards the t o p , shows t h i s v e r y w e l l . Consequently these 
members are a l l mapped toge the r as the Under s e t t Cher t . 
There i s no v e r y c l e a r demarcation between the f o s s l l i f e r o u s 
shales o f the Underse t t Cher t and the non-marine beds above. A 
c l i f f s e c t i o n i n the R i v e r Greta (988132) shows 1 8 ' o f nodu la r shale 
w i t h occas iona l marine f o s s i l s o n l y about 15* below the base o f the 
Great Limestone. I n the Mount Pleasant Bore marine f o s s i l s are 
p roved i n a sandstone w i t h shale bands and i rons tone concre t ions 55 ' 
below the base o f the Great Limestone. Thus i f the whole o f t h i s 
were i n c l u d e d as the Under s e t t Cher t , the th ickness would be about 
7 5 ' • The top o f the Chert has t h e r e f o r e been taken f o r mapping 
purposes a t the h o r i z o n at which the l a s t o f the harder s i l i c e o u s 
l imes tone and v e r y f o s s i l i f e r o u s shales occur . 
( v lV Qaarry HagLe. Exposures o f the sandstone and o f i t s 
marker , the I r o n Post Limestone, are most u n s a t i s f a c t o r y . Conse-
q u e n t l y i t i s n e i t h e r mapped nor discussed w i t h ease. Except i n the 
Bowes area where there are no comparable s t r a t a , the re seems to be a 
constant arenaceous member o f the succession. This i s v e r y v a r i a b l e 
i n g r a i n s i z e . I n E m e l t m i l l Beck the re are 58* o f a l t e r n a t i n g sand-
stones and sandy shale bands, becoming coarser towards the t o p . I n 
Borrowdale Beck 25 ' o f mudstone are o v e r l a i n by 12 ' o f sandstone. 
I n b o t h o f these becks, the I r o n Post Limestone can be used as a cheek. 
A g r i t occurs I n b o t h Swindale Beck and Cleve Beck a t about 
SO* - 4 0 ' below the base o f the Great Limestone. Th i s i s a t l e a s t 
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15 ' and may p o s s i b l y be more than 20* t h i c k l a Oleve Beck. While 
i t may occur west o f Goal G i l l Head ( p . 2 S ) , i t p o s s i b l y i s absent, 
and i s c e r t a i n l y n o t exposed anywhere round the n o r t h o f Ley Seat. 
At Lune Head House, i n a d d i t i o n , n o t h i n g i s seen o f i t and i t i s 
p o s s i b l e t h a t the coarse development i s v e r y l o c a l . By Wemmergil l , 
there i s o n l y a sandstone 20* - 26* t h i c k , carbonaceous a t the t o p , 
exposed i n the beck and i n the bank to the eas t . Elsewhere i n 
Lunedale n o t h i n g I s seen o f the Quarry Hazle , though scraps o f 
sandstone occur a t approximate ly the same h o r i z o n at Low Withes . 
( v i i ) . I r o n . Post Limestone. This i s a v e r y f o s s i l i f erous 
l imes tone and shale h o r i z o n about 5* - 9* t h i c k . As a separate 
band, i t i s absent i n the Bowes area. I t occurs i n S a e l t m l l l Beck 
where a l imes tone w i t h a few co ra l s at the base i s f o l l o w e d by a 
muddy l imes tone w i t h t r i l o b i t e s and l s m e l l l b r a n c h s . Above t h i s i s 
a ve ry e r i n o i d a l f o s s i l i f e r o u s shale . There i s another ou tcrop o f 
l imestone i n the scarp dust t o the N..W. I t appears aga in , p o s s i b l y , 
i n the beck n o r t h o f Oabbish Mine (858158). I n Borrowdale Beck two 
bands o f l imes tone have a t h i n shale p a r t i n g between. A smal l 
exposure occurs i n the scarp (822169). Th i s shows the r a t h e r 
creamy c o l o u r i n g o f the weathered rock . The f r e s h sur face i s the 
usua l dark f i n e gra ined Yoredale Limestone, r e l a t i v e l y u n f o s s i l i f e r o u s 
except f o r c r l n o i d p l a t e s . 
I n Swindale Beck the c r l n o i d a l shale mentioned above ( p . 25) 
i s undoubtedly the equ iva l en t o f the I r o n Pos t . I t i s about 5* 
t h i c k and conta ins l a r g e c r i n o i d stems 6" o r more i n l e n g t h and up 
to 1 M i n diameter . The base i s n o t seen, and i t presumably 
represents the c r i n o i d a l shale o f S m e l t m i l l Beck and may p o s s i b l y be 
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the e q u i v a l e n t o f some o f the l imes tone . No more i s seen o f the 
I r o n Post except i n Wemmergill where two 1 ' bands o f l imes tone occur , 
one o f which I s v e r y f o s s l l i f e r o u s . 
(Vlll) Shale. As was mentioned above ( p . 29) t h i s non-marine 
shale i s n o t e a s i l y d i s t i n g u i s h e d f r o m the f o s s i l i f e r o u s shale i n the 
Bowes area. I n the Mount Pleasant Bore none occurs a t a l l , and i n 
the stream exposures no more than I S ' i s ever seen. I t may cont inue 
up t o 4* below the Great Limestone. Elsewhere t h i s shale i s v e r y 
r a r e l y exposed. I n S m e l t m i l l Beck and Borrowdale Beck the I r o n Post 
f o s s i l i f e r o u s shale i s f o l l o w e d b y sandstone i n the fo rmer and sand-
stone w i t h shale p a r t i n g s i n the l a t t e r . I n Swindale Beck there are 
about 1 0 ' o f dark unfossillferouB shale g rad ing up through sandy shale 
I n t o sandstone. A t o t a l o f 2 8 ' o f sha l e , w i t h one sandstone and 
sandy shale band, are seen near Lune Head House, and the I r o n Post 
Limestone i s a t ah unknown depth below i t . I n wemmergill the re are 
p robab ly a t l e a s t 25 ' o f sha le , though o n l y 6 ' are seen. Thus i t 
seems t h a t the shale t h i c k e n s t o the n o r t h eas t . 
{I&Y T o f t Sandstone. I n the Bowes area t h i s sandstone i s v e r y 
p o o r l y developed, though i t s th ickness increases t o the n o r t h , and 
to the sou th , away f r o m the R ive r Greta. The Mount Pleasant Bore 
proves 52* o f sandstone, w i t h occas iona l shale p a r t i n g s , above the 
h ighes t t r u e marine beds. A t two h o r i z o n s , f i s h scales are found . 
The sandstone i s f r e q u e n t l y carbonaceous and a t the top i s a sandy 
micaceous Beggar o v e r l a i n by a t h i n l a y e r o f pa tchy coal w i t h good 
c l e a t . 
Along the banks o f the R i v e r Greta the sandstone i s o n l y about 
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4* t h i c k , w i t h r o o t l e t s and carbonaceous m a t t e r a t the t o p . I n 
Chert G i l l and H u g g i l l Bike there are Just 2* o f carbonaceous s i l t -
s tone, bu t westwards sandstone increases i n th ickness u n t i l i n 
SOLeightholme the re are about 20* o f sandstone, compact a t the t o p . 
Throughout the Bowes area a coal i s found below the l i m e s t o n e , w i t h 
i t s associa ted seat e a r t h and o v e r l y i n g carbonaceous shale . Th i s 
coal i s f r o m 2 M - 4* t h i c k and cont inues a t l e a s t as f a r as the 
i n l i e r east o f God's Br idge . 
I n Westmorland the T u f t Sandstone i s much more s u b s t a n t i a l , 
becoming a g r i t i n p l aces . The S n e l t m i l l Beck s e c t i o n shows a 
th ickness o f 4 2 ' • No g r i t i s seen he re , bu t i n a south e a s t e r l y 
d i r e c t i o n a long the scarp a g r i t appears. Owing to the absence o f 
any exposure o f the I r o n Post Limestone i t s exact s t r a t i g r a p h i c a l 
p o s i t i o n i s d i f f i c u l t t o determine. I t i s p o s s i b l e t h a t some o f the 
lower exposures o f g r i t are the Quarry Hazle . I f , however, a l i n e 
o f spr ings a long the escarpment marks the p o s i t i o n o f the I r o n Post 
Limestone, i t can be seen t o pass below the lowes t exposure o f g r i t 
above Bor ren thwa i t e . I t i s also u n l i k e l y t h a t a g r i t would develop 
at the same p l ace on two h o r i z o n s . Therefore the g r i t and sandstone 
above Bor ren thwai te must be the T u f t Sandstone, and i t i s over 60* 
t h i c k . Near Ledderhewe (840153) 4* o f g r i t f o r m a good f e a t u r e , 
bu t i t does n o t extend v e r y f a r , s ince i n the stream (838157) no 
sandstone o r g r i t i s r evea led , and i n Borrowdale Beok o n l y 12* o f 
sandstone and shale appear t o represent the T u f t Sandstone and I t s 
u n d e r l y i n g sha le . 
A coal seam 1* t h i c k occurs i n Borrowdale Beck, w i t h a seat-
e a r t h below and shale above. Th i s i s the o n l y exposure o f coal 
beneath the Great Limestone a long the Westmorland escarpment. South 
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eastwards t h i s may he due to the d i f f i c u l t y w i t h which the l imes tone 
base i s seen, b u t i n a n o r t h w e s t e r l y d i r e c t i o n the top o f the T u f t 
Sandstone f r e q u e n t l y outcrops a long the l e n g t h y f ace o f Windmore End 
Quarry and a t one p o i n t (819171) the f o l l o w i n g s e c t i o n i s exposed 
beneath the Great Limestones-
P i . I n s . 
Bark l imes tone and f o s s i l f ragments • • » . . . 2 0 
F i n e - g r a i n e d , b l a c k , s l i g h t l y c h e r t y 
l imes tone • • • • • • • 2 
Carbonaceous mica-sandstone w i t h r o o t l e t s . 1 6 
Massive sandstone w i t h f l a g g y r i b s • • 8 0 
The sandstone reaches a th ickness o f a t l e a s t 1 1 * i n Windmore End 
Quarry and i t can be f o l l o w e d a long to Swindale Beck where a compact 
sandstone w i t h carbonaceous top o v e r l i e s seve ra l f e e t o f sandstone 
f l a g s . 
Accord ing t o the 1 - inch Old Series Sheet 102 8. E . , a long Ley 
Seat Edge a coal seam 1* - l ' S " was once worked. N o t h i n g can now be 
seen o f the c o a l , though the T u f t Sandstone i s w e l l exposed a long 
Gleve Beck and Lune Head Beck. I t i s p robab ly 1 8 ' t h i c k i n Oleve 
Beck (Bunham 1948, p .317) r a t h e r coarse, micaceous and carbonaceous. 
The sandstone can be t r a c e d down Lunedale w i t h l i t t l e v a r i a t i o n . I t 
does become a l i t t l e coarser east o f Qrassholme (156) b u t , g e n e r a l l y , 
I t i s s 1 0 f - 2 0 ' f l a g g y sandstone becoming compact and carbonaceous 
towards the t o p , and w i t h no development o f c o a l . 
taft Discuss ion . The most n o t i c e a b l e f e a t u r e o f these 
cyclothems i s the con t r a s t between the Bowes area and those areas t o 
the n o r t h and west . From Bowes there i s a gap t o the west o f 8 m i l e s 
and to the n o r t h o f 6 m i l e s , i n exposures o f equ iva l en t s t r a t a , and, 
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i n the absence o f any marker h o r i z o n between the Four Fathom Limestone 
and the Great Limestone, comparison o f the sec t ions must be a m a t t e r 
o f con j ec tu re . 
The Underset t Limestone, i n Swaledale, conta ins M i l l e r and 
Turne r ' s c o r a l band, and though t h i s marker i s absent a t Bowes, 
there i s no doubt about the equivalence o f the Underset t t o the Four 
Fathom Limestone. The c o r a l band must represent a p e r i o d o f wide-
spread sha l low water d e p o s i t i o n when co ra l s f l o u r i s h e d i n abundance 
and were sub jec ted to s t r o n g c u r r e n t s . The l imestone conglomerate 
i n the Mount Pleasant Bare represents a smal l break i n d e p o s i t i o n , 
w i t h s t r o n g cu r r en t a c t i o n , and may be at the same h o r i z o n . 
The I r o n Post Limestone i s r a r e l y exposed. This must be due 
to one o f th ree reasons:-
( I ) Eros ion by the o v e r l y i n g T u f t Sandstone, as happens a t Stanhope-
burn Mine (Dunham 1948) . I n a n e l t m i l l Beck the T u f t I s 4 2 ' 
t h i c k , cons iderab ly t h i c k e r than anywhere i n the Stainmore 
Area except j u s t a long the escarpment t o the 8.E. Yet the 
I r o n Post Limestone and shale are 9 ' t h i c k , the g r ea t e s t known 
fetiftckness; thus there i s no connect ion between the absence o f 
the I r o n Post and development o f the T u f t ; 
( I I ) The I r o n Post may n o t have been depos i ted over the whole area, 
and c e r t a i n l y I n the Bowes Area i t i s absent as a separate 
marine h o r i z o n . However, i f t h i s i s so, i t s d e p o s i t i o n must 
have been ve ry spo rad ic , as exposure o f i t occurs a t p o i n t s 
f a r apar t ; 
( i l l ) I t s apparent absence may be due to i t s t h inness . This i s the 
most l i k e l y e x p l a n a t i o n , as, a t no p o i n t can i t s absence be 
proved and exposure o f i t s expected h o r i z o n i s i n v a r i a b l y v e r y 
poor . However, i t has n o t been mapped as a cont inuous band 
35. 
as the evidence f o r I t s presence over the whole area I s 
n e g a t i v e . 
The M a l l e r s t a n g Memoir (pp.83-4, and p . 133) ment ions a l imes tone 
o c c u r r i n g between the Main and Underse t t Limestones, which may be v e r y 
eher ty . I n the Appleby Memoir ( p . 51) i t i s assumed t h a t the Lower 
and Upper Undereet ts o f Yorksh i re are the equ iva len t on A l s t o n o f the 
Four Fathom and a l imes tone above the Quarry Hazle r e s p e c t i v e l y . 
Furthermore a comparison o f the Bowes s e o t i o n w i t h one i n Westmorland 
o r Lunedale , shows t h a t the increase o f marine beds a t Bowes I s 
cons iderable . i n the R i v e r . Greta and i n the Mount Pleasant Bore 
there are about 100' o f marine s t r a t a above the base o f the Underset t 
Limestone, w h i l e i n Westmorland the t o t a l th ickness o f the two cydothems 
i s o n l y about 100'. The p r o p o r t i o n s o f marine beds are showft i n the 
f o l l o w i n g t a b l e t -
Sec t ion , F i g s . 1 and 2. a b h 1 3 
4 Non-marine 35' 20' 42* 14'6" 32* 
3 Marine ( I r o n Post) 9' e'e*1 5 V 
2 Non-marine 44' 55'6» 40* 
I Marine (Four Fathom 
o r Underse t t ) 113* 77 • 20' c.20' 25*6" 
T o t a l 1 - 3 113' 77' 75' 80* 68*6" 
T o t a l 1 - 4 148' 97' 115* 94*6W 100*6H 
I t can be seen t h a t , apar t f r o m an increase i n t o t a l t h i c k n e s s i n 
the Mount p l ea san t Bore, the th i ckness o f the marine beds i n the Bowes 
area compares f a v o u r a b l y w i t h the t o t a l t h i ckness o f the beds between 
the base o f the Four Fathom, and the top o f the I r o n Post Limestone 
36. 
elsewhere. p r o b a b l y , t h e r e f o r e , the assumption i n the Appleby Memoir 
i s c o r r e c t , and the I r o n Post i s the e q u i v a l e n t o f p a r t o f the Under-
s e t t Chert o r the marine beds above i t . Thus w h i l e continuous 
marine d e p o s i t i o n was t a k i n g p lace a t Bowes, t o the n o r t h , west and 
south west a normal Toredale cyclothem, w i t h non-marine shale and 
sandstone was b e i n g l a i d down. 
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(b) Great Limestone and Coal S i l l s Group. 
(l) General. This limestone i s by f a r the th ickes t o f those 
considered I n t h i s thes is . Consequently, i t i s ea s i ly recognised 
i n the f i e l d and the exposure o f i t , and the over ly ing Coal S i l l s , 
i s very good. Around Bowes, and oa the Askrigg Block i t i s known 
as the Main Limestone. However on the Alston Block, on the Old 
Geological Survey Map 102 S.E., and i n Turner (1935) i t i s ca l led 
the Great. Nevertheless the term 'Main Chert* must s t i l l be used 
as the chert i s confined to the Bowes area. 
The nomenclature o f the shales and sandstones o f the cyclothem 
must be somewhat a r b i t r a r y . On the Als ton. Block the name White 
Hazle has been given to the topmost sandstone, while the two lower 
sandstones, where present, are known as the High and Low Coal S i l l s 
respec t ive ly (Dunham 1948). I n most o f the l i t e r a t u r e , however, 
a l l these sandstones are simply known c o l l e c t i v e l y as the Goal 
S i l l s (Malleretang Memoir 1891) (Turner 1955) (Carruthere 1958), 
and i t seems more convenient to r e f e r to them as such, while the 
term Goal S i l l s Group w i l l be used to include a l l the s t r a t a between 
the Great and L i t t l e Limestones. When two sandstones occur they 
w i l l be known as the Upper and Lower Coal S i l l s , and the t h i r d one, 
where present, w i l l be ca l led the Middle Coal S i l l . They are 
undoubtedly l e n t i c u l a r bodies which are not equivalent over the whole 
area, and the terms are merely convenient aids which have no exact 
time s ign i f i cance . So f a r as i s known, no name has been given to 
%he marine bands w i t h i n the Coal S i l l s Group. 
Two bore holes penetrate the cyclothem near Bowes. I n the Mount 
Pleasant bore there i s recorded 160* o f s o l i d rock above the base o f 
the Great Limestone. The Bowes Bore, put down by the R.A.F. during 
38* 
the 1939-45 war, i s most unsa t i s fac to ry . I t i s w i t h i n 76 yards o f 
an outcrop o f the L i t t l e Limestone and Upper Goal S i l l which form a 
d i s t i n c t fea ture . Less than a mile away a clear section o f the Coal 
S i l l s i s seen i n Seal G i l l . Yet there i s so much limestone i n the 
record that i t i s not even possible to ascertain the pos i t i on o f the 
Great Limestone i n the bore, though i t s base may be about 150' below 
the surface. 
The limestone i s exposed almost continuously i n the banks o f the 
Greta River around Bowes. The northern arm of the V disappears f o r 
a mile under d r i f t , before appearing again jus t o f f the map at 
Rulands Quarries. The southern arm r i ses up the va l l ey side and 
bends round i n a south eas ter ly d i r e c t i o n . The base o f the limestone 
can be mapped accurately, but towards the top limestone gives place 
to interbedded s i l iceous limestones and shales, the Tumbler Beds, 
which are not so c l ea r ly seen. However, i n comparison w i t h the rest 
o f the area, they are w e l l exposed, and consequently have been mapped 
as a band separate from the massive limestone below them. 
Moving westwards up the River Greta, the limestone i s seen to 
form the stream bed f o r a considerable distance, and f o r about \ mi le 
the r i v e r f lows underneath the limestone, which i s only covered 
during r a iny periods'. Further upstream the Tumbler Beds are exposed, 
u n t i l cut o f f by the Northern branch o f the Stainmore Summit Faul t . 
Outcrop o f the Main Chert i s good, but i t i s o f l i m i t e d extent. 
Though not p a r t i c u l a r l y we l l exposed on the h i l l slopes, the 
Goal B i l l s can be c l e a r l y seen i n the email t r i b u t a r y becks to the 
n o r t h , and, o f f the map, i n Sleightholme Beck to the south. The 
Upper Coal S i l l , underlying the L i t t l e Limestone, however, i s a very 
continuous mappable horizon f o r the top o f the cy d o them. Like the 
underlying beds, i t disappears under d r i f t no r th o f Bowes. West-
wards , however, i t can be traced more or less along the main road 
which from Bine Gap has been b u i l t along the top o f i t s fea ture . 
This continues r i g h t in to Westmorland, a f t e r which the road drops 
down from the fea ture top. 
Before the county boundary i s reached, the remaining Coal S i l l s 
and the Great Limestone have reappeared. The limestone i s much 
f a u l t e d and, though substant ia l features are formed by the Coal S i l l s , , 
good stream sections are abBent between 8 p i t a l Sike and Yard Sike. 
Beyond Yard Sike, the limestone, occasionally broken by f a u l t s , forms 
the top o f an escarpment almost as f a r as Swindale Beck. Above i t 
the Goal S i l l s produce good step features , and they are w e l l exposed 
i n the streams. On e i ther side o f Sraeltmill Beck however, the Lower 
Goal S i l l feature disappears. The same happens to the Middle Goal 
S i l l S.E. o f Borrowdale Beck. This i s taken to be due to the 
l e n t i e u l a r i t y o f the sandstone bands. 
The s t r a t a are l o s t under d r i f t u n t i l the mineral ized area, 
e i the r side o f the County Boundary, at Lune Head, i s reached. Here 
there are very good exposures o f the Great Limestone, but l i t t l e can 
be l ea rn t about the Goal 8111 e. A shaf t on Hunter 's Vein (855198) 
penetrates the whole sequence, and there are loose blocks o f coarse 
sandstone over much o f the ground, but no stream exposure ex i s t s . 
I n Rowton Sike, where one would expect a sec t ion , Wensley Vein cuts 
out a l l the s t r a t a between the Great Limestone and s i l iceous l ime-
stones at Idle top o f the L i t t l e . 
Eastwards from the Lunehead Mines, the Great Limestone crosses 
the River Lune to form a t ex t book dip feature no r th o f the road. 
This runs f o r 4 mi les , as f a r as Net t lepot . The Goal S i l l s , however, 
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are covered by peat and g l a c i a l d r i f t which spreads over most o f the 
lower v a l l e y slopes. Nevertheless, west o f Low Wemraergill, H a r g i l l 
and the River Lune have cut down f a r enough through the d r i f t to 
expose the Goal S i l l s Group from the Great to the L i t t l e . These 
exposures were described by Garruthers (1933). 
Further down the v a l l e y i n spi te o f the Selset Bores and 
occasional outcrops o f sandstone, i t i s not possible to map so var iable 
a sequence as the Goal S i l l s , though the limestone can be fo l lowed 
f a i r l y accurately. The limestone forms an almost continuous feature 
as i t outcrops south east o f the Grassholme Reservoir, and some sand-
stone can be seen near Shields Beck and i n Easter Beck, but the 
regaining beds are not exposed. F i n a l l y the whole eyclothem d i s -
appears, probably thrown down by the Teesdale Fau l t , but d r i f t 
obscures the evidence. 
( H f l Great and Main Limestones. This i s the highest Yoredale 
limestone to form a constantly t h i c k , pure limestone throughout the 
North o f England. Under various names i t i s known from Upper 
Wharfedale to Scotland and so, i n t h i s area, i t was taken as a datum 
l i n e f o r mapping. I n spi te o f the regular appearance o f the l ime-
stone, i t shows considerable v a r i a t i o n i n thickness and 11 tholegy 
w i t h i n the present area. 
The Mount Pleasant Bore proves 48* o f compact limestone l y i n g 
above 2" o f s o f t shale, f u l l o f crushed f o s s i l s , and over la in by 7 f 
o f Tumbler Beds. No coral band was recorded, and the limestone was 
not s p l i t up i n t o posts. This massive nature o f the pure limestone 
i s charac te r i s t i c o f the Bowes area, though, i n the exposures i n the 
Greta Va l l ey , the massive limestone becomes th inner , w i t h a eomple-
4 1 . 
mentary thickening o f the over ly ing Tumbler Beds. These are a series 
o f a l t e rna t ing s i l i ceous ana muddy limestones w i t h f o s s i l i f e rous 
shaly hands. I n Hugg i l l Sike the limestone has thinned to SO', hut 
has 16' o f Tumbler Beds above i t . 
I n SLeightholme there i s , i n the middle o f the Great Limestone, 
a 2 ' band o f corals , -mainly o f c l i s i o p h y l l i d type, and small 
brachiopods. The-limestone at t h i s horizon contains many chert 
nodules, and, as wi th the Four Fathom Limestone coral bands, there 
seems to be an association between the two. The only other place 
around Bowes where t h i s coral band can be seen i s i n the Greta Biver 
(965128) where, f o r some distance, the band forms a limestone pavement 
i n which are b e a u t i f u l l y polished coral sections. The massive l ime-
stone i n Sleightholme has expanded to 4 2 ' , w i t h about 10 ' o f f e s s i l -
i f e rous mudstone and shale, w i t h no limestone bands above. I n the 
absence o f the Main Chert (see p . 45) t h i s i s probably I t s equivalent 
horizon and so i t appears tha t , as i n the Mount Pleasant Bore, the 
massive limestone f a d e s has, at the top , taken the place o f the 
Tumbler Beds. Elsewhere, i n the River Greta a great deal o f l ime-
stone i s exposed, but complete sections cannot be obtained as the 
upper boundary o f the limestone i s never d e a r l y def ined. The 
thickness seems, nevertheless, to be o f the order o f 25' - 3©! , but 
i t may w e l l be more. To the west, as one goes up the stream, the 
limestone becomes more muddy and s i l iceous and i t i s d e a r that the 
Tumbler Beds form the r i v e r bed. 
West o f A y g i l l Cottages a t h i c k limestone outcrops along the 
no r th side o f the Greta River. I t i s probably at l eas t 35' t h i c k 
and while most o f i t i s t y p i c a l o f the normal compact Great Limestone, 
near the top are 10' o f a very pa le , extremely c r y s t a l l i n e limestone, 
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containing masses o f c r l n o i d ossicles o f a l l sizes. Nothing qui te 
l i k e i t i s seen elsewhere i n the present area i n the Great Limestone, 
but i t cannot be any other horizon having regard to i t s thickness* 
the l i t h o l o g y o f the lower p a r t , and i t s r e l a t i o n i n the f i e l d to 
the ove r ly ing Coal 8111b and L i t t l e Limestone. 
Though the Great Limestone outcrops extensively i n Westmorland 
i t i s not easy to measure i t s thickness accurately, p a r t l y because o f 
the absence o f any exposure o f the over ly ing beds, but also because 
i t forms wide pavements which make v e r t i c a l sections almost unobtain-
able. At the 8«E* end o f the escarpment qui te a l o t can be seen o f 
the Tumbler Beds w i t h t h e i r f o s s i l i f e r o u s calcareous shales and impure 
limestones, but here the base o f the limestone i s seldom exposed. 
Yard Sike however does give about 60* o f limestone w i t h a band o f 
chert nodules near the top , over la in by 16* o f Tumbler Beds. Hueh 
the same thickness o f limestone occurs i n Smeltaaill Beck, but the top 
disappears under peat and nothing can be seen o f the Tumbler Beds. 
The same t h i n g happens throughout the res t o f the Westmorland area, 
and, assuming i t i s not j u s t due to the concealment o f these beds by 
peat, which i s most u n l i k e l y considering t h e i r exposure elsewhere, 
must be due to the f a c t tha t they are not developed, though (p . 50) 
there i s evidence that the Lower Ooal S i l l i s transgresslve, and may 
have out out the Tumbler Beds. 
I n Borrowdale Beak the thickness o f limestone seen i s 2 1 * , 
and though t h i s i s c e r t a i n l y less than the t rue thickness, i t i s 
not a l o t less . Along Wlndmore End Quarries about 40* o f limestone 
appear, and towards Swindale Head the thickness seems to increase to 
50*. F i n a l l y i n the Lunehead Mines 72* I s recorded i n the section 
on Hunter* s Vein and 102* I n the main l e v e l by the. London Lead Company 
4S. 
(Dunham 1948, p .26 ) . Thus va r i a t ions i n thickness may be very l o c a l , 
but nevertheless there i s undoubtedly a tendency f o r the Great Lime-
stone to be at i t s thinnest i n Borrowdale Beck while i t increases i n 
thickness to the N.W. and S.B. There i s nothing noteworthy about 
the l i t h o l o g y o f the beds. The step features w i t h i n the limestone 
along the escarpment give the Impression that there may be a number 
o f posts, separated by shale, but the stream sections do not confirm 
t h i s . m a few places, such as the top o f the w a t e r f a l l i n Borrow-
dale Beck, and Just below the road i n Smeltmill Beck, the limestone 
becomes s l i g h t l y more f o s s i l i f e r o u s than usual , but there i s no band 
comparable to the coral band seen f u r t h e r to the east . 
The next complete exposure o f the limestone i s i n Wemmergill 
Beck where 55' o f massive limestone are over la in by a maximum o f 5' 
o f f o s s i l i f e r o u s shales. No trace o f a coral band occurs here, but 
across the Grassholme Reservoir, i n the o l d quarries (953226) the 
f i r s t sign o f the Fros te r ly Marble horizon appears. I n the western 
quarry a 2" band o f braehiopods i s seen 13 1 from the quarry base. 
This , i n the eastern quarry, has expanded to a band near ly 3' t h i c k , 
composed mainly o f braehiopods, but w i t h a few r o l l e d d i s i o p h y l l i d 
corals towards the top. I t i s 20' above the base o f the limestone 
which here probably t o t a l s 35* - 40 ' w i t h i n t e rca l a t ions o f shale 
bands i n the upper p o r t i o n . I n Banklands quarry beside the former 
L.N.B.R. ra i lway l i n e the coral band has become more d e f i n i t e w i t h 
masses o f corals and large brachiopods. I n add i t i on , the Tumbler 
Beds have become be t t e r developed, g iv ing about 30' o f limestone 
and shale par t ings , above at l eas t 32' o f compact limestones-
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Eh. Iha. 
Limestone ; g Q 
Foss i l l f e rous Shale 5 Q 
? Limestone and Shale par t ings . . . . . . . . . . . . . . 4 0 
Limestone and Shale par t ings 13 0 
Compact limestone 16 0 
Band o f large Brachiopods and corals 2 6 
Compact limestone 14 0 
(1113 Main Chert. The exposure o f the Main Chert i s l i m i t e d 
to the Bowes area where the boundaries o f chert development can be 
traced. This i s 'shown on the accompanying map (Figure 5 ) . 
Sargent (1929) has studied the Yoredale cherts, inc lud ing the 
Main Chert, o f Swaledale. He found that the cherts were o r i g i n a l 
contemporaneous deposits , whose s i l i c a was mainly o f inorganic o r i g i n , 
the occasional s i l i ceous organisms found i n the chert being the r e s u l t 
and not the cause o f the s i l i c a . Loca l l y there may have been some 
e^e$f&cBMon o f limestone and calcareous f o s s i l s w i t h i n the chert , 
but there was no general metasomatism. The deposits were believed 
to have been formed i n a shallow sea bordered by a peneplaned land 
surface whose decomposition produced abundant s i l i c a carr ied i n 
so lu t i on , and p rec ip i t a t ed on the sea f l o o r as a g e l . 
The evidence on the whole supports Sargent's view. The chert 
i s mainly a banded type (198), rather calcareous, i n f a c t containing 
some t h i n bands o f limestone, though most o f the banding i s probably 
simply due to the segregation o f impur i t i e s . Under the microscope 
rhombs o f dolomite are seen i n a ma t r ix o f c ryp toc rys ta l l ine s i l i c a . 
Sargent considers tha t t h i s i s clear evidence against metasomatism, 
45. 
though the p o s s i b i l i t y o f two separate processes tak ing place mast 
not he overlooked. 
The f i e l d r e l a t ions o f the chert are as f o l l o w s . I n the hanks 
o f the Greta River (967129), and i n B o r e g i l l , the chert reaches i t s 
greatest measured thickness. Xn&uggll l gike i t i s 22 ' t h i c k , yet 
i n Sleigh tholme, only a mi l e to the S.W., i t has disappeared completely. 
A comparison o f the two complete sections from the limestone base 
upwards seems to show that the limestone and Tumbler Beds o f Hugg l l l 
Bike pass i n t o massive limestone i n SLelghtholrae. Cer ta in ly , the 
over ly ing f o s s i l l f e r o u s shales and mudstones o f SLeightholme cannot 
be found i n Hugg l l l Bike. They must therefore by the equivalents 
o f the Main Ghert. Thus I n a distance o f about a mi le 22' o f chert 
have passed i n t o 10* o f f i n e grained, banded s i l i ceous muds tones and 
f o s s i l i f e r o u s shales, w i t h some o f the mudstone bands packed w i t h 
Lingula (582). Admittedly no passage can be seen but unless one 
invokes a per iod o f non-deposition i n the Sleightholme succession 
while the chert was being l a i d down, f o r which there i s no evidence, 
there i s no other explanation. Both the chert and the f o s s i l i f e r o u s 
mudstone pass up i n t o non-marine shales which admittedly are net 
c l ea r ly exposed i n Huggi l l Sike, but there can be no doubt tha t no 
chert occurs above the f o s s i l i f e r o u s mudstone o f SLeightholme. 
Thus, Sargent's peneplaned land surface, from which s i l i c a was 
decomposed to be washed down i n t o the shallow chert sea d id not 
ex i s t i n the Sleigh tholme area. Possibly t h i s i n f a c t was the 
margin o f the sea, where too much mud was deposited f o r chert to be 
formed, the l i n g u l a bands i n d i c a t i n g brackish water condi t ion. The 
s i l i c a so lu t ions , however, were e i the r car r ied f u r t h e r i n t o the basin, 
o r , more l i k e l y , came from another d i r e c t i o n , to be p rec ip i t a t ed i n a 
clear sea, f r e e from terrigenous matter. 
46. 
( i v ) goal g i l l s Group and Marine Bands. The s t ra ta between 
the Great and L i t t l e Limestones must be considered as one i tem, as, 
though marine bands occur w i t h i n them, these cannot be traced over 
the en t i re area and so the series cannot be subdivided w i t h any 
s a t i s f a c t i o n . 
I n the Bowes' area there are two Goal S i l l s w i t h a marine band 
over ly ing the lower one. This marine band i s a f o s s i l i f e r o u s dark 
muddy limestone, weathering orange brown. I t va r ies , however, as 
i t may become ra ther mi caseous as i n Seal g i l l (286) or i t may be 
almost d e f i c i e n t o f e l a s t i c matter as i n Sleigh tholme (581). 
Exposure o f i t i s good i n the streams o f Sleightholme, Seal g i l l and 
Hove g i l l , and some loose pieces occur i n Blue Gap Sike. The l ime-
stone seen i n Burnt G i l l between branches o f the Stainmore Summit 
Faul t (952115) i s probably the same band. 
Below the marine band, but not necessari ly immediately beneath 
i t , i s the Lower Goal S i l l . This i s a substant ia l sandstone, the 
base o f which i s not very f a r above the Main Limestone or Ghert. 
I n f a c t the shale i s only r e a l l y seen i n Sleightholme and even there 
the c l i f f section i s p a r t i a l l y hidden by debris . Expansion o f the 
sandstone seems greatest along a north-south l i n e through Rovegi l l 
and Sleightholme, i n both o f which i t may reach over 25' but 
estimation i s d i f f i c u l t owing to the fa l se bedded nature o f the rock. 
The bor ing record at Mount Pleasant, where 42 ' o f g r i t o v e r l i e 
68' o f shale, shews a s t r i k i n g contrast w i t h the surface exposures. 
I t i s miles away from the nearest stream exposure and i t seems 
that the Lower Goal S i l l and marine band have been replaced e n t i r e l y 
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by shale, though the p o s s i b i l i t y o f considerable th ickening o f the 
Ooal S i l l s Group must not be overlooked. A section was drawn up i n 
the Tees, N..W. o f Abbey Bridge (063152) but t h i s does not help very 
much, except tha t i t i s noteworthy that the Lower Ooal S i l l i s there 
formed o f coarse sandstone. A f a i r l y rap id survey o f the ground 
unfor tuna te ly f a i l e d to reveal any marine band,- though t h i s may s t i l l 
be present above the Lower Goal S i l l * Lacking a marine horizon 
above the Great Limestone, co r re l a t ion of. the Mount Pleasant Bore 
w i t h the Bowes and Tees exposures must be somewhat speculat ive, but 
i t does! i l l u s t r a t e very wel l the var iab le nature o f the Goal S i l l s . 
Above the marine band are shales, which become more sandy higher 
up, u n t i l , under lying the L i t t l e Limestone, are 20' o f sandstone, 
massive at the top. These massive sandstones contain marine f o s s i l s 
i n t h e i r upper por t ions and o f t e n appear to pass imperceptibly through 
a f o s s i l i f e r o u s , calcareous sandstone i n t o a sandy limestone. 
Frequently no clear boundary can be discerned, as the crumbly and 
weathered nature o f the rock makes a de ta i l ed examination d i f f i c u l t . 
I n the bank o f the Teas near Abbey Bridge i t i s possible to d i s t i ngu i sh 
a pale grey sandstone w i t h carbonaceous streaks from a coarser sand-
stone whleh i s s l i g h t l y calcareous and f o s s i l i f e r o u s , but i n the Bowes 
area, whi le a sandy limestone may be d i s t i n c t from the f o s s i l i f e r o u s 
sandstone below, t h i s cannot be separated from the under lying 
u n f o s s i l i f e r o u s sandstone. 
No coal has been found anywhere i n the Ooal S i l l s Group o f the 
Bowes area, but on the Old Series Geological map two t h i n bands o f 
coal , 2" - SH t h i c k , are marked i n Blue Gap Sike towards the top o f 
the Lower Coal S i l l . 
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For the next two miles west o f Blue Gap Sike, not much o f the 
Goal S i l l s appears through the d r i f t and the marine hand i e 
completely l o s t . Occasional sandstone exposures, however, enable 
the two s i l l s to he mapped. The Upper Coal S i l l maintains I t s 
l i t h o l o g y a l l the way, tout i n Sp i ta l Slke a ganister has come i n 
under the f o s s i l i f e r o u s sandstone. By t h i s po in t the marine hand, 
as i t was known before , has gone. There i s no longer any calcareous 
band e i the r immediately above or i n the shale close above the Lower 
Coal S i l l . Instead a s l i g h t l y f o s s i l l f e r o u s crumbly micaceous 
sandstone appears near the top o f a series o f f l aggy sandstones, 
but i t i s extremely d i f f i c u l t to f i x i t s precise hor izon, f o r f o s s i l 
fragments can be found disseminated through several f e e t o f sandstone. 
Above t h i s f o s s i l sandstone, and separated from i t by perhaps 10* -
15* o f unexposed s t r a t a , i s a compact white coarse sandstone. This 
i s c e r t a i n ly d i s t i n c t from the Upper Coal S i l l , and, i n Sp i t a l Slice, 
may be d i s t i n c t from the f o s s i l sandstone, but the evidence to the 
west impl ies tha t t h i s I s a l l one sandstone, w i t h a broad band 
containing fragmental f o s s i l s running through the middle. 
The coarse sandstone continues westwards as f a r as Maiden Castle 
and f o r much o f the way the f o s s i l sandstone, which i s f r equen t ly 
quite coarse and almost a g r i t , can be traced. There are some 
exposures i n . the streams i n the v a l l e y bottom, but these are broken 
by f a u l t s and not easy to make out . On the v a l l e y s ide , on the 
other hand, there are masses o f loose boulders marking the f ea tu re , 
but very l i t t l e sandstone i n place and nothing whatever o f the f i n e r 
grained members o f the succession. However, the scraps o f evidence 
available do show that the f o s s i l fragments may pe r s i s t through about 
20* o f sandstone as I n the beck S.W. o f Black Riggs (872125) and tha t 
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they are over la in by u n f o s s l l i f e r o u s coarse sandstone and g r i t . 
Comparing the two sequences described above, two p o s s i b i l i t i e s 
emerge. Ei ther the Lower Coal S i l l i n each sequence i s the same, 
i n which case the marine bands have come i n at d i f f e r e n t horizons, 
or the marine bands are the same and the arenaceous members o f the 
succession have entered at d i f f e r e n t times. I n favour o f the f i r s t 
suggestion i s the contrast i n the marine horizons, which normally 
keep t h e i r l l t h o l o g i c a l p e c u l i a r i t i e s over quite a wide area, and 
the evidence from Lmnedale o f more than one marine band. I n favour 
o f the second p o s s i b i l i t y are the f o l l o w i n g f a c t s . 
i n SLslghtholme the complete marine band 1 b as fo l l ewss -
Pt. 
Pure dark Limestone (581) 1 
Foss i l i f e rous shale 8 
(Carbonaceous micaceous sandstone 
w i t h fragments! f o s s i l s 2 
Shale and sandstone bands 6 
There i s no sign here o f any sandstone or g r i t , but the f o s s i l -
i f e rous sandstone i s very l i k e tha t seen i n Sp i t a l Sake. I n addi t ion 
there i s no s i m i l a r i t y between the rather f l aggy sandstone o f fiovegill 
and the coarse massive sandstone to the west, and on the ground there 
i s a d e f i n i t e gap o f about a m i l e , east o f Sp i t a l SLke, where no 
sandstone can be found i n place. I n view o f the uncer ta in ty the 
marine band has been mapped as a discontinuous hor izon, while the 
sandstones, which undoubtedly pass i n t o each other , even though they 
may not be e n t i r e l y contemporaneous, have been mapped as a continuous 
band. 
Along the Westmorland scarp and i n the stream sections there i s 
so. 
f a r t h e r evidence o f the v a r i a b i l i t y o f the Ooal S i l l s . Most o f the 
way they form very good fea tures , hut these disappear at some po in t s , 
and, as there i s no d r i f t cover, t h i s appears to he due to t h e i r 
l e n t l o u l a r i t y . The Upper Goal S i l l pers is ts , as i t does everywhere, 
though i t s thickness as a t r u l y arenaceous member o f the succession 
may change. 
I n Yard Sike, the f o s s i l sandstone appears to t h i n out due to a 
transgression at the base o f the sandstone above. This transgression 
has Increased so markedly by Sne l tml l l Beck that no marine horizon 
can be found at a l l . A th ick massive sandstone has cut r i g h t down 
u n t i l i t has coalesced w i t h the Lower Coal S i l l . This f a d e s i s 
o f very l o c a l extent , however, as h a l f a mi le on e i t he r side o f the 
beck the feature which the sandstone forms has disappeared. 
Borrowdale Beck shows yet a d i f f e r e n t sect ion. Here, the f o s s i l 
sandstone occurs at the base o f a sandstone band w i t h dark shale 
beneath i t . Meanwhile a strong g r i t has come i n , not f a r from the 
top o f the Great Limestone. This i s f i r s t seen near Gump stone House 
and i t increases i n a no r th westerly d i r e c t i o n . With i t s associated 
sandstones, i t becomes 90' t h i ck by Spurrig Bad and can be traced 
as f a r as Wlndmore Bud Quarry. I t has a transgressive base and 
probably cuts i n t o the top o f the Great Limestone. I n a swallow 
hole (825173) g r i t can be seen l y i n g almost on top o f the limestone, 
w i t h only 3' - 4* o f shale between. Above Windmore End Farm the 
f o s s i l sandstone l i e s on top o f the Middle Goal S i l l , here a massive 
sandstone, at leas t 15* t h i c k , but t h i s also deter iorates u n t i l i t 
i s represented by about 6» o f f l aggy sandstone i n S l a t e s h i l l Beck 
(823174). 
As already s ta ted, surface exposures o f the Goal S i l l s Group 
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around Lunehead are n o n - e x i s t e n t . Loose boulders o f g r i t and 
sandstone never the less show t h a t the re i s y e t another development 
o f the coarse f a d e s . I t s p r o x i m i t y t o the Great Limestone 
suggests t h a t i t m igh t be the Lower Goal 8 1 1 1 , b u t i t may e q u a l l y 
w e l l be the massive development o f the Middle Coal S i l l , once 
again j o i n e d t o the sandstone beneath. The o n l y mine s e c t i o n , i n 
Banter*s V e i n , does n o t h e l p , as i t shows th ree sandstones, separated 
b y sha le , w i t h no marine beds recorded. 
The const ant na tu re o f the Upper Goal S i l l throughout the area 
con t r a s t s s t r i k i n g l y w i t h the beds below i t . I t can be f o l l o w e d 
over much o f the ground even where i t i s d r i f t - c o v e r e d , and i t i s 
p i c k e d up again i n the S i v e r Lune above Blake House. 
Two marine bands are seen i n the R i v e r Lune below H a c k House 
and an a d d i t i o n a l one has been f o u n d i n the Selset Bores. Holes 
Hos. 1 , 2 and 5 pene t ra te the e n t i r e th ickness o f the Coal S i l l s 
Group, and Holes NOB. 5 , 1 2 , 1 3 and 1 4 r e v e a l some p a r t o f them. 
At Selset the boreholes show t h a t though the bot tom SO* are 
ex t remely v a r i a b l e l i t h o l e g i e a l l y there i s u s u a l l y a coarse sand-
stone some 1 0 * above the top o f the l imes tone . I n Hole No. 1 4 , 
at Wemmergill , a g r i t l i e s d i r e c t l y on f o s s l l i f e r o u e shale . Th i s 
can also be seen i n H a r g i l l where the re i s a f a i n t suggest ion o f 
t r ansg res s ion a t the base o f the g r i t . Above t h i s g r i t and coarse 
sandstone are sandy shales which may become t r u e sha les , sometimes 
n o d u l a r , at Se l se t . These change I n t o sandstone w h i c h , i n the 
Selse t boreholes c o n t a i n marine f o s s i l s , and are capped by a l i m e -
stone w i t h ve ry f o s s i l i f e r o u s shale above i t . 
Th i s marine band does n o t occur on the su r face a l though equ iv -
a l e n t rooks are exposed i n H a r g i l l 4 I n t h i s stream the sandstone 
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i s o v e r l a i n by a 1* coal seam f o l l o w e d by shales and another sand-
s tone. No th ing marine i s found here a t a l l . i n the H i r e r Lime 
the lowes t sandstone i s r o u g h l y a t the h o r i z o n o f t h i s marine band, 
b u t no f o s s i l s have been seen. ho le Ho. 14 proves 40* o f s o l i d 
rock w i t h no marine f o s s i l s above the top o f the Great Limestone, 
though, i n the bores at Se l se t , the e n t i r e marine band occurs w i t h i n 
4 0 ' o f the l i m e s t o n e . I t i s p robable t h a t the marine band has d i e d 
o u t , as there i s no evidence o f t r ansgress ion above i t . 
Another , coal appears i n the Lune above the coarse sandstone 
and t h i s i s o v e r l a i n by shales and l e n t i c u l a r sandstones w e l l exposed 
i n the r i v e r bank (895213). There are then two marine bands 
• 
separated by sha le . The lower one i s a muddy l i m e s t o n e , packed 
w i t h f o s s i l s , m a i n l y Product i d s and t h e i r sp ines . I t i s o n l y 6* 
t h i c k i n the B i v e r Lune, bu t the boreholes show t h a t the sandstone 
below also con ta ins some marine f o s s i l s . The h i g h e r marine band i s 
a calcareous sandstone composed m a i n l y o f q u a r t z g r a i n s o f sand grade, 
cemented by e a l e i t e , b u t c o n t a i n i n g a few l a r g e r g r a i n s . The c a l e l t e 
i s p a r t l y do le ra i t i zed ; f o s s i l f ragments occur , b u t they are n o t 
abundant. Th i s marine band has been recovered f r o m o n l y one b o r e h o l e , 
though f o u r o f them pene t ra te i t . The cause o f i t s absence i s n e t 
c e r t a i n , b u t as r ecovery o f the cores was o n l y about 50$ non- recovery 
cou ld be the e x p l a n a t i o n as w e l l as t r ansg re s s ion o r n o n - d e p o s i t i o n . 
I n the R ive r Lune there i s a s l i g h t t r ansg res s ion a t the base o f the 
Upper Goal S i l l , as no ted by Garru thers ( 1 9 3 8 ) , and a coarse sandstone 
r e s t s d i r e c t l y on the marine band i n the borehole* so i t i s q u i t e 
probable t h a t the Upper Goal S i l l , which undoubtedly has th i ckened 
a t Se l se t , does cu t ou t the top marine band. 
East o f Graesholme the o n l y exposure o f i n t e r e s t i s i n Eas ter 
Beck where sandstone about 50* t h i c k appears some 6 ' above the top o f 
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the Great Limestone. One o r two p ieces o f loose f o s s i l sandstone 
were found here and they may represent the lowes t marine band o f 
the Select Bores. No th ing e l se marine i s seen t h i s s ide o f the 
r e s e r v o i r though there are exposures o f sandstone a t the bot tom o f 
Shie lds Beck. 
The l a c k o f a c t u a l coals i n the Goal S i l l s Group i s no te ab l e . 
The o n l y ones found are those i n Lunedale , though there are a lso the 
t h i n seams r e p o r t e d f r o m Blue Gap Sike. Ho coal l e ever seen under 
the L i t t l e Limestone, though the re may be a g a n i s t e r as i n Borrowdale 
Beck. Th i s i s v e r y d i f f e r e n t f r o m some o the r areas where the L i t t l e 
Limestone Goal i s the bes t developed o f a l l . the Yoredale coa l s . 
( v ) M s o u s s i o n . I n the n o r t h eas te rn corner o f the area the 
c o r a l band i s undoubtedly the F r o s t e r l y Marble o f Weardale. I t has 
the same l a r g e braehiopods and c l i s i o p h y l l i d co ra l s and i s a t about 
the same h o r i z o n i n the l i m e s t o n e . A cursory examinat ion o f the 
Great Limestone i n Teesdale t o the n o r t h seems t o show t h a t the band 
can be t r a c e d down the v a l l e y . To the wes t , however, i t d i e s o u t . 
Does i t ex tend southwards, j o i n i n g up w i t h the c o r a l band seen i n 
the E l v e r Greta? This c o r a l band i s o f v e r y l i m i t e d ex t en t near 
Bowes, though i t s c o n t i n u a t i o n i n a n o r t h e r l y d i r e c t i o n i s p o s s i b l e . 
I t d e f i n i t e l y does no t extend eastwards, as shown by the Mount 
Pleasant Bore and the exposures i n the Tees. I n a d d i t i o n , the 
co ra l s are n e t associa ted w i t h l a r g e brachiopods , and, i n s p i t e o f 
i t s p o s i t i o n a t rough ly the same h o r i z o n the re i s no j u s t i f i c a t i o n 
f o r c o r r e l a t i n g the two c o r a l bands w i t h o u t evidence o f t h e i r 
c o n t i n u a t i o n under the s y n c l l n e . 
I t i s a p i t y t h a t the Tumbler Beds are n o t w e l l exposed, b u t i t 
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has been shown t h a t on the whole they reach t h e i r g rea tes t develop-
ment i n the n o r t h east and south east o f the area. As, however, i n 
the same reg ions they pass l a t e r a l l y i n t o massive l imes tone i n a v e r y 
shor t d i s tance (as has been shown south west o f Bowes), t h i s i s 
p robab ly o n l y a g e n e r a l i z a t i o n . A compl i ca t i on i s i n t r o d u c e d by 
the t r ansg res s ive na tu re o f the Lower Goal S i l l , which may i n some 
places be the cause o f the absence o f the Tumbler Beds r a t h e r than 
n o n - d e p o s i t i o n . 
Dunham (1943) shows how the High Coal S i l l o f A l s t o n may coalesce 
w i t h the Low Goal S i l l i n a washout channel i n the l a t t e r t o f o r m 
a s i n g l e sandstone. N o t h i n g q u i t e so c l e a r can be demonstrated i n 
t h i s area except i n S n e l t m l l l Beck where the marine band i s d e f i n i t e l y 
cut ou t b y the Midd le Goal S i l l . The same t h i n g however may w e l l 
occur j u s t t o the west o f the Lunehead Mines. The Upper Goal S i l l 
i s p robab ly t r ansgress ive i n Lunedale and so i s the Lower Goal S i l l 
b o t h the re and above wlndmore End Quarry. These t r ansg re s s ions , 
however, are o n l y o f minor importance. . 
C o r r e l a t i o n o f the marine bands over the area as a whole i s 
no t p r o f i t a b l e as they are a l l l i m i t e d i n e x t e n t . The Selset Bores 
show t h a t the re may be a t l e a s t three ho r i zons o f marine d e p o s i t i o n , 
bu t t h a t they do n o t n e c e s s a r i l y extend f a r l a t e r a l l y . I n t h i s 
respect the marine bands o f the Goal S i l l s Group con t ra s t w i t h the 
o the r s i n the Upper Limestone Group. I t seems then t h a t though the 
Coal S i l l s Group i s dominan t ly non-marine, the sea was never v e r y f a r 
away and t h a t ait f r e q u e n t b u t i r r e g u l a r i n t e r v a l s the sea covered 
p a r t o f the area. I n v iew o f the supposed equivalence o f the marine 
Red and Black Beds o f Swale da le w i t h the Goal S i l l s (Hudson 1 9 4 1 , 
p . 266) t h i s evidence o f p r o x i m i t y o f the sea i s n o t s u r p r i s i n g . 
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( c ) L i t t l e Limestone and Ten Fathom G r i t . 
(.1) genera l . Th i s cycle them i s the l a s t whose mapping i s 
s t r a i g h t f o r w a r d . The L i t t l e Limestone a t the base I s w e l l exposed 
and e a s i l y recognized , and, h i g h e r u p , the Faraday House Marine Band 
possesses a c h a r a c t e r i s t i c l i t h o l o g y which makes i t r e a d i l y 
i d e n t i f i a b l e . 
Throughout much o f the N o r t h o f England the l imestone i s known 
as the L i t t l e , o r more s p e c i f i c a l l y , the Upper L i t t l e , to d i s t i n g u i s h 
i t f r om another l imes tone o f the same name l o w down i n the Midd le 
» 
Limestone Group. Around Richmond, however, the name Bed Beds Lime-
stone has been used f o r the supposed equ iva len t h o r i z o n , and on the 
o r i g i n a l 6 - i n c h map, Y o r k s h i r e N .E . I I , i t was c a l l e d the Bey Gross 
Limestone because o f i t s outcrop a t the Bom an Gamp on the Bewes-
Brough road . 
The Ten Fathom G r i t occurs over much o f the coun t ry to the south 
between the L i t t l e and Crow Limestones and inc ludes f i n e g ra ined 
s t r a t a as w e l l as g r i t s . The e q u i v a l e n t rocks t o the n o r t h are l e s s 
e a s i l y named. Dunham (1948, pp . 51-32) discusses the uses o f the 
t e rns p a t t i n s o n , White ( H i g h Pa t t i n son ) and F i res tone S i l l s on the 
A l s t o n Block . m Lunedale there a re , a t the most , two sandstone 
bodies separated by a marine band and f o r convenience they w i l l be 
c a l l e d the P a t t i n s o n and F i res tone S i l l s , though i t i s q u i t e p o s s i b l e 
t h a t the lower sandstone i s the e q u i v a l e n t o f the White S i l l o f A l s t o n 
i . . . . 
Moor r a t h e r than the P a t t i n s o n . The marine band has been c a l l e d the 
Faraday House Limestone by Turner and Bowel l (persona l communication) 
a f t e r a l o c a l i t y t o the south o f the presen t area. As i t i s seldom 
* 
a t r u e l imes tone he re , i n the t e x t and f i g u r e s i t w i l l be r e f e r r e d 
to as the Faraday House Marine Band, though on the map i t i s c a l l e d 
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the Faraday House Limestone. 
The beds o f t h i s cyc le them have a ve ry broad outcrop a long 
the southern f l a n k o f the area. H o r i z o n t a l o r v e r y g e n t l y d i p p i n g 
s t r a t a cover most o f the ground between the Bowes-Brough road and 
Beepdale. I t i s however t h i c k l y covered by d r i f t and pea t . Th i s 
makes i t imposs ib le t o o b t a i n a complete s e c t i o n and the midd le beds 
are never p r o p e r l y seen. Never the less , the L i t t l e Limestone I t s e l f 
i s o f t e n exposed here on the f e a t u r e formed b y the Upper Coal S i l l , 
appearing also t o the n o r t h i n Red Bogs SLke, on Sandy H i l l and 
W. S*W. o f N o r t h l a g s , where I t forms an ex tens ive l imes tone pavement, 
though o n l y 5 ' - 4* t h i c k . The Faraday House Marine Band i s also 
f r e q u e n t l y exposed i n Beepdale and i s a good guide t o the h ighe r 
beds o f the cycle them, b e t t e r , i n f a c t , than the o v e r l y i n g Grow 
Limestone which i s v e r y r a r e l y seen. South o f Beepdale occas iona l 
exposures o f sandstone and g r i t and the many f e a t u r e s covered by 
loose rock show the approximate p o s i t i o n o f the Ten Fathom G r i t , 
b u t i t s r e l a t i o n t o the Faraday House Marine Band i s obscure. 
I n Westmorland the L i t t l e Limestone i s the bes t mapping l i n e 
a v a i l a b l e , u n t i l i t disappears under d r i f t east o f Swindale Beck. 
Above i t the o n l y guide i s the feto Fathom G r i t which i s here the 
so le s u b s t a n t i a l arenaceous band between the L i t t l e Limestone and 
the M i l l s t o n e G r i t . The Faraday House Marine Band i s no t seen a t 
a l l except i n Borrowdale Beck, and so, w h i l e mapping i s q u i t e 
s t r a i g h t f o r w a r d , the t r u e r e l a t i o n s h i p s o f the s t r a t a are n o t so 
e a s i l y d i scerned . 
Much the seme i s t r u e o f the Lunehead MlneB area where the 
L i t t l e Limestone i s exposed, b u t the sandstones have t h i n n e d and 
the Faraday House Marine Band cannot be f o u n d . The whole o f the 
L i t t l e Limestone ou tc rops i n Deadman G i l l , and i n the R i v e r Lune 
57. 
above Blake House. I n a d d i t i o n the upper p a r t o f i t can be found 
i n Rowton B ike , b u t t h i s stream s e c t i o n i s b a d l y f a u l t e d , and i t i s 
q u i t e pos s ib l e t h a t the apparent t h i n n i n g o f the eyclothera here i s 
due to minor f a u l t i n g c u t t i n g out most o f the shales . 
Occasional exposures i n the Lune v a l l e y enable the beds to be 
t r a c e d a long to the south east o f the Grassholme Rese rvo i r , where i n 
the r e s e r v o i r band and i n the unnamed beck east o f Grassholme Br idge 
the re are e x c e l l e n t exposures f r o m the L i t t l e Limestone upwards 
which can be compared w i t h the Selse t Bores. The sandstone forms 
a f e a t u r e eastwards and can be f o l l o w e d along to the stream below 
Swarthy Here and on t o Shields Beck. The Faraday House Marine Band 
i s seen i n many o f these becks, b u t the L i t t l e Limestone i s o n l y 
exposed i n Shie lds Beck. 
( l i f t L i t t l e Limestone. The L i t t l e Limestone i s bes t regarded 
as a marine s e r i e s SO* - SO' t h i c k , w i t h e i t h e r sandy o r pure l i m e -
stone a t the base. The d i f f i c u l t y o f sepa ra t ing the marine rock 
f r o m the rock w i t h o u t marine f o s s i l s below has a l r eady been mentioned 
( p . 4 7 ) . I n some p laces , f o r example i n Borrowdale Beck, the 
g a n i s t e r top o f the Upper Goal S i l l makes the d i s t i n c t i o n q u i t e c l e a r . 
Here the pure l imes tone reaches a th ickness o f 5* bu t n o r m a l l y the 
basa l l imes tone i s r a t h e r sandy, i n Lunedale the re b e i n g about 50% 
quar tz , w i t h c a l c i t e and some organ!e m a t e r i a l f o r m i n g the cement. 
Around Bowes the same i s t r u e , and i n f a c t the rock i s r e a l l y a 
calcareous sandstone. One t h i n g i s constant about the lower members 
o f the L i t t l e Limestone. s e r i e s : they are f r e e f r o m muddy sediment. 
Th i s comes i n above the basa l l imes tone and produces a ve ry v a r i a b l e 
sequence o f muddy and s i l i c e o u s l imes tone in te rbedded w i t h pure o r 
sandy l imes tone and f o s s i l i f e r o u s shales . 
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I t i s n o t easy to draw an upper boundary t o the marine beds 
o f the L i t t l e Limestone s e r i e s . The t y p i c a l f o e s i l i f e r o u s shales 
and impure l imes tone pass up i n t o u n f o s s l l i f e r o u s shales and mud-
stones. These may con ta in f o s s i l i f e r o u s nodules as i n E o v e g i l l 
(80) and they may be capped by f o s s i l i f e r o u s s i l i c e o u s l imes tones . 
These resemble the ' l i m e p l a t e ' o f Car ru thers (1958) and i n Lunedale 
may continue up to 4 0 ' above the base o f the s e r i e s w i t h occas iona l 
f o s s i l s i n even h i g h e r shales . These g r a d u a l l y become u n f o s s i l i f e r o u s , 
s i l i c e o u s muds tones so w e l l exposed i n Beepdale, w i t h non-marine 
shale sepa ra t ing the mudstone bands. At the Lunehead Mines , the 
shale appears t o have t h i n n e d , b u t , as mentioned above ( p . 57) t h i s 
may be more apparent than r e a l . The t o t a l th ickness o f the l i m e -
stone i s no t d e a r here . Rowton Sike proves a t l e a s t 20* o f impure 
l imes tone w i t h calcareous mudstone a t the bo t t om, and the H u n t e r ' s 
Ve in s h a f t s e c t i o n g ives 7* o f l imes tone above the Goal S i l l s Group. 
This means a minimum o f 27* , e x c l u s i v e o f shales above, and the t r u e 
th ickness may be g rea te r s t i l l . 
There are two outcrops en Bowes Moor whose s t r a t i g r a p h i c a l 
p o s i t i o n i s a l i t t l e d o u b t f u l . The f i r s t i s i n Glasgow G i l l which 
i s a deep o v e r f l o w channel cut i n a f e a t u r e formed by a coarse sand-
stone, loose bou lde r s o f which are seen on Glasgow How and on Grey 
Sear. i n the G i l l are about 6* - 7* o f massive l imes tone d i p p i n g 
v e r y g e n t l y southwards. The rock conta ins bands o f b o t h pure and 
e / i l l 'Ceous l i m e s t o n e s , and i t I s a l l r a t h e r f o s s i l i f e r o u s . No s o l i d 
rock can be found e i t h e r above o r below the massive l imes tone . E i t h e r 
i t i s near the top o f the Great Limestone and the coarse sandstone 
above i s the Lower Coal S i l l here showing the f a d e s seen i n S p i t a l 
S ike , o r i t i s the L i t t l e Limestone w i t h the Ten Fathom G r i t above. 
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L i t h o l o g i c a l l y the fo rmer I s more l i k e l y . The l imes tone could 
w e l l he a r a t h e r t h i c k pos t o f the Tumbler Beds, w h i l e the L i t t l e 
Limestone has n o t been found t o possess q u i t e such a th ickness o f 
l imes tone w i t h o u t shale bands. On the o the r hand, i f i t were, the 
E«N*E. f a u l t t o the south would have to have a ve ry much g rea t e r 
th row, and another f a u l t would have t o be i n t roduced n o r t h o f the 
outcrop i n order t o th row down the L i t t l e Limestone seen i n Black 
Beck. On s t r u c t u r a l grounds t h e r e f o r e the l a t t e r i s p r e f e r r e d . 
I n a smal l qua r ry N.W. o f C l i n t House (98214?) the re i s a r a t h e r 
calcareous che r t . About 6* are exposed a l t o g e t h e r , d i p p i n g a t 8 ° 
t o the N.N.W. No th ing i s seen o f the beds above o r be low, and 
there are no o the r exposures o f i d e n t i f i a b l e s o l i d rock between 
Deepdale t o the n o r t h and the G l i n t Quar r ies to the sou th . The rock 
i s a p a l e f o s s i l i f e r o u s che r ty l i m e s t o n e , r a t h e r banded, w i t h lumps 
o f pure dark cher t f o r m i n g l e n t i c l e s about 12" l o n g , and 6 M h i g h . 
N o t h i n g q u i t e l i k e i t has been seen anywhere e l s e . I t i s d e f i n i t e l y 
n o t the Main Chert which i s a da rk , u n f o s s i l l f e r o u s and much more 
banded reck . The Grow Limestone, w e l l exposed i n Deepdale l e s s than 
a m i l e t o the N o r t h , does n o t con ta in any che r t . I t must t h e r e f o r e 
be the L i t t l e Limestone cher t f a d e s . I t i s n o t seen elsewhere i n 
the neighbourhood as the neares t f u l l exposure o f the L i t t l e Limestone 
i s i n S e a l g i l l , a m i l e t o the south west . Eastwards, the re are no 
exposures a t a l l apar t f r o m some s i l i c e o u s l imes tone i n f h d r n b e r r y 
Quarry j u s t n o r t h o f the Barnard Oastle-Bowes road , u n t i l the Tees 
i s reached, where no t r u e cher t was f o u n d . 
The d i p t o the N.N.W. i n the Quarry migh t i m p l y t h a t the cher t 
i s s t r a t i g r a p h i c a l l y f a r above the L i t . t l e Limestone o f C l i n t Qua r r i e s , 
b u t a t the l a t t e r p lace the beds are almost h o r i z o n t a l and so there 
i s no s t r u c t u r a l reason f o r t h i n k i n g the cher t l i e s v e r y f a r above 
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the l imes tone . I t i s suggested t h e r e f o r e t h a t t h i s m igh t be an 
ex tens ion o f the che r t f a d e s o f Swaledale nor thwards , the boundaries 
o f which l i e somewhere between t h i s ou tc rop and Seal g i l l t o the West 
and the Tees to the eas t . 
t i l l ) Ten Fathom G r i t ana Faraday House Marine Band. I n 
Swaledale the f e n Fathom G r i t cons i s t s o f sandstones, o f t e n coarse, 
and shales , i n two d i v i s i o n s , w i t h a t h i n l imes tone between them 
( M a l l e r s t a n g Memoir 1391 , p . 1 0 ) . I n t h i s area i t i s v e r y s i m i l a r . 
On Ravock, the g r i t reaches i t s coarsest development. There 
are over 15 ' o f compact and cu r r en t bedded g r i t s w i t h d e p o s i t i o n s ! 
d i p t o the W.&W. Much loose g r i t can also be f o u n d , sometimes 
f o r m i n g l o w f e a t u r e s appearing th rough the peat t o the east and west 
o f Ravdck, and the re are outcrops o f g r i t i n Deepdale j u s t t o the 
n o r t h . 
The p o s i t i o n o f the Faraday House Marine Band w i t h i n the g r i t 
f a d e s i s n o t c e r t a i n . Above the Ravock g r i t the re i s a l i t t l e 
s i l i c e o u s l i m e s t o n e , l y i n g i n p l a c e . Th i s appears t o be more l i k e 
the Grow Limestone than the Faraday House Marine Band, y e t i n Beep-
dale i t s e l f (949148) a sandy, f o s s i l i f e r o u s l imes tone s i m i l a r t o the 
Faraday House Marine Band l i e s on top o f g r i t . The o l d surveyors 
considered t h i s l imes tone to be the Rey Gross ( L i t t l e ) , repeated by 
a con j ec tu red f a u l t a l i t t l e downstream. There 1 B no s i gn o f the 
l imes tone downstream, though there i s some g r i t . The conc lus ion 
drawn i s t h a t t he re i s a g r i t f a d e s b o t h above and below the Faraday 
House Marine Band. 
Eastwards, below Orag Bridge i n Deepdale, the s e c t i o n shows a 
complete cy d o them above the Faraday House Marine Band. Ho g r i t i s 
seen here below the Grow Limestone, which a c t u a l l y l i e s on carbonaceous 
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sha le , and n o t on g a n i s t e r . Not a grea t th ickness o f rook I s seen 
below the Faraday House Marine Band i n t h i s s e c t i o n , hu t I f the 
s t r a t a were coarse they would s u r e l y outcrop somewhere I n the 
neighbourhood. 
I n Deepdale, above Green Hew, an B.-W. f a u l t l e t s down the 
Faraday House Marine Band and the beds below I t . These are o b v i o u s l y 
n o t v e r y coarse, and, though the f a u l t - p r e v e n t s a continuous succession 
f r o m b e i n g o b t a i n e d here r i g h t down t o the L i t t l e , i t i s q u i t e c l e a r 
t h a t there i s no g r i t f a d e s . Thus the g r i t f a d e s o f Bavock d i e s 
ou t t o the N , E . and N.N»W., though i n a w e s t e r l y d i r e c t i o n i t 
p robab ly extends as f a r as the two o u t l i e r s e i t h e r s ide o f Glasgow 
G i l l . 
The Faraday House Marine Band i s a band o f v e r y s h e l l y sand-
stone o r sandy l imes tone . The constant f e a t u r e o f the band i s the 
occurrence o f masses o f w e l l - p r e s e r v e d brachiopods , u s u a l l y j u s t 
t h e i r casts i n the sandy type o f rook , bu t the complete s h e l l s i n 
the pu re r l i m e s t o n e . The brachiopods are m a i n l y S p i r i f e r s and 
Bhynehone l l ids , w i t h some P r o d u c t i d s . I n Deepdale, below Orag 
Br idge the l imes tone i s almost pure ( 5 4 3 ) , b u t i n the h ighe r reaches 
o f Deepdale d o s e to the county boundary i t becomes a r a t h e r g r i t t y 
sandstone ( 3 5 2 ) . I n the beck here i t s exposure i s ex t ens ive , and 
j u s t t o the N*W. the Grow ou tc rops . N o t h i n g can be found o f the 
i n t e r v e n i n g r o c k s , so presumably the f i n e r g ra ined f a d e s extends 
as f a r as t h i s p o i n t . 
Beyond the county boundary, however, the coarser rocks b e g i n 
to show themselves again about the Old Quarry (876138) and Just 
beyond Yard Bike . I n t h i s beck q u i t e a t h i c k n e s s o f non-marine 
shales pass ing up i n t o sandstone f l a g s can be measured, b u t the 
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exposure i s n o t cont inuous up i n t o the coarser sandstones; no r can 
any s i g n o f the Faraday House Marine Band be found . For f - m i l e 
a long the escarpment o n l y f l a g g y sandstones o u t c r o p , b u t , south o f 
Great Moss a s t rong f e a t u r e appears th rough the pea t . Th i s i s 
High Crag, which near S m e l t m i l l Beck has become a huge c l i f f 
r e v e a l i n g about 6 5 ' o f f l a g g y and compact sandstone e x t e n d i n g down 
to w i t h i n 20 ' o f the top o f the L i t t l e . A thorough search was made 
f o r the Faraday House Marine Band, bu t w i t h o u t success. Less than 
500 yards N.W. o f S m e l t m i l l Beck t h i s t h i c k sandstone has gone, and 
sandy shales and f l a g g y sandstones represent the Ten Fathom Gs i t 
as f a r as Longerag House. 
I t i s suggested t h a t t h i s i s a sands t o n e - f i l l e d washout. The 
channel was formed a f t e r d e p o s i t i o n o f the Faraday House'Marine Band 
which i s here cut o u t . The t h i c k sandstone, r e p r e s e n t i n g the upper 
p a r t o f the Ten Fathom G r i t , then f i l l e d up the eroded channel. 
The Faraday House Marine Band may n o t have been depos i t ed , bu t t h i s 
i s most u n l i k e l y cons ide r i ng i t s pe r s i s t ence i n Borrowdale Beck, 
Beepdale, and i n A r g i l l Beck l £ m i l e s t o the south west ( S o w e l l , 
pe r sona l communication). 
N o r t h o f Long Orag the sandstone becomes more compact aga in , 
b u t the outcrop i n Borrowdale Beck o f the Faraday House Marine Band 
shows t h a t no washout o f the same magnitude occur red . I n f a c t , the 
th i ckness o f sandstones i s g r ea t e r below the marine band than above 
and t h i s suggests t h a t much o f the sandstone a t High Grag i s the 
lower p a r t o f the Ten Fathom G r i t , the t r ansg res s ion o c c u r r i n g 
perhaps o n l y h a l f way down the s e c t i o n . The beds immedia te ly below 
the Grow are exposed again f u r t h e r u p , a t the f o o t o f Crook Beck, by 
a f a u l t b u t the throw i s n o t s u f f i c i e n t t o show the Faraday House 
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Marine Band. N o r t h westwards there are many exposures o f sandstone 
f l a g s and some o f the u n d e r l y i n g shales and raudstones which may be 
30 ' t h i c k . N o t h i n g v e r y d e f i n i t e i s seen o f any o v e r l y i n g marine 
band u n t i l Be adman 0111 i s reached. This I s the beg inn ing o f the 
Lunelle ad Mine area, and a change o f nomenclature f o r the sandstones 
i s necessary. 
( i i r i Pat t i n son, and F i r e stone 8111 s. I n the becks on e i t h e r 
s ide o f the county boundary the F i res tone 8111 and Crag Limestone 
are o f t e n exposed, bu t t h e i r i d e n t i f i c a t i o n i s seldom q u i t e c e r t a i n 
as the s ec t ions are never complete and there are undoubtedly more 
f a u l t s than are shown on the map. The p o s s i b i l i t y o f ^ s t r a t a b e i n g 
cut ou t i n Rowton Slke has a l r eady been mentioned ( p . 5 7 ) , e s p e c i a l l y 
as 6 0 1 o f beds, m a i n l y h idden , occur between the top o f the L i t t l e 
and the Crag Limestone i n Glove Sike . Two sandstones are seen here . 
One, the F i r e s t o n e , i s a t l e a s t 8 ' t h i c k , compr is ing carbonaceous 
sandstone l y i n g on top o f f l a g s . The o the r i s some SO* below t h i s 
and i s a t l e a s t 4* t h i c k ; presumably i t i s the P a t t i n s o n S i l l . 
The i n t e r v e n i n g beds are n o t r evea led . 
I n Rowton Slke two sandstone members are seen. One l i e s 
immedia te ly below the Crag Limestone and so must be the F i r e s tone 
S i l l . I t i s a f l a g g y sandstone w i t h shale bands, and below t h i s 
i s a t h i n carbonaceous sandstone l y i n g on a s i l i c e o u s sandstone. 
Much the same i s found i n Be adman G i l l where the Crew Limestone i s 
o n l y recognised by a few loose p i e c e s , and so i t s exact h o r i z o n 
cannot be p l a c e d . I t I s b e l i e v e d t h a t i n b o t h these streams the 
Faraday House Marine Band should occur above the lower sandstone, 
b u t i t has n o t been found . Two sandstones can be d i s t i n g u i s h e d , 
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even i f the absence o f the marker h o r i z o n makes t h e i r exact p o s i t i o n 
d i f f i c u l t to p rove . The complete sequence can he ascer ta ined f r o m 
the Selset Bores, though no s i n g l e h o l e goes f r o m the Grsg to the 
L i t t l e Limestone. There i s a tremendous increase i n th i ckness 
compared w i t h the Lunehead Mine area and i t i s u n f o r t u n a t e t h a t 
n o t h i n g i s exposed between the two. The P a t t l n s o n S i l l has expanded 
t o n e a r l y 6 0 ' e f sandstone, o f t e n coarse. I t s t h i ckness d imin i shes 
eastwards hu t i t i s w e l l exposed near grassholme Br idge and I n 
numerous q u a r r i e s and streams south and east o f the r e s e r v o i r , f o r m i n g 
a continuous sandstone hand. 
The f o s s i l sandstone occurs above the S i l l i n the bores , and i n 
the su r face exposures. I t has the t y p i c a l l i t h o l e g y o f the Faraday 
House Marine Band, b e i n g v e r y sandy and f u l l o f braohiopod easts . 
The beds between t h i s and the Crag Limestone are almost e n t i r e l y 
shale though a coa l and g a n i s t e r can be seen a t Grassholme B r i d g e , 
and there i s some sandstone a t Se l se t . Thus the F i res tone S i l l has 
here been rep laced almost e n t i r e l y b y shale and f o r a d is tance o f 
3 m i l e s east o f Grassholme Br idge o n l y shale i s seen between the 
Faraday House Marine band and the Grag Limestone. 
(vV P i s cue s i on. Once aga in , the t r ansg re s s ! ve na tu re o f the 
sandstones i n the Upper Limestone Group has been shown. I n a d d i t i o n 
to the washout proved a t High Grag, there may be o the r s i n the , 
Stainmore Area. At Ravock one would expect to f i n d seme exposure 
o f the Faraday House Marine Band round the southern f l a n k o f the 
h i l l o r a t l e a s t i n Backet t Slke . As i t i s , the o n l y exposure, 
o u t s i d e the Deepdale ones a l ready mentioned l a j u s t t o the east o f 
Ravock (965146) where some loose f o s s i l i f e r o u s sandstone was f o u n d . 
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N o t h i n g e l se i s seen even o f loose p i e c e s , i n s p i t e o f the presence 
o f many g r i t bou lde r s . Here, there i s p robab ly another washout, 
l e s s than a m i l e across. S i m i l a r evidence f r o m the Tees j u s t below 
Barnard Cast le Br idge shows much the same t h i n g . A g rea t th ickness 
o f sandstone i s seen i n the r i v e r bed, bu t the re i s no s i gn o f the 
Faraday House Marine Band. 
Marine bands have been r e p o r t e d a t a t l e a s t two ho r i zons between 
the L i t t l e and Orag l imes tones on the Alscbon Block (Dunham 1948, 
p p . 5 1 - 5 2 ) . I t i s n o t d e a r t o which one the Faraday House Marine 
Band corresponds, b u t i t i s c e r t a i n t h a t i t can be f o l l o w e d across 
the Tees i n t o N o r t h Teesdale as i t has been found 40 ' above the 
L i t t l e Limestone i n Bggles ton Burn at the road b r i d g e (989249). I t 
i s the u s u a l Bhelly sandstone and has shale above and below i t . 
The o n l y arenaceous rock i s a g r i t , presumably the F i r e s tone S i l l , 
about 1 8 ' above i t , b u t the Crag Limestone could no t be f o u n d . 
I d e n t i f i c a t i o n o f the Faraday House Marine Band w i t h one o f the 
A l s t o n Block marine bands would enable s i l l s below the F i res tone to 
be c o r r e l a t e d as w e l l . 
i n the p r ev ious cydothems there was considerable v a r i a t i o n i n 
l i t h o l o g y w i t h i n each cy d o them, b u t the t o t d th icknesses remained 
much the same throughout the area. I n common w i t h many o f the 
succeeding cydothems , the t o t d th ickness o f t h i s cydo them v a r i e s 
83 grea t d e d f r o m about 7 0 ' a t the Lunehead Mines t o 150* art Se lse t , 
and down to about 80* i n Shie lds Beck. . The thlcknesB increases 
r o u g h l y w i t h the p r o p o r t i o n o f sandstone and d i f f e r e n t ! d compaction 
may be p a r t l y the cause. However t he re are d s o changes o f t h i c k -
ness I n the marine beds o f the L i t t l e Limestone and these can o n l y 
be exp la ined by d i f f e r e n t i a l subsidence d u r i n g d e p o s i t i o n . 
66. 
Di f f e ren t i a l compaction could also fee invoked to explain the 
absence of the Faraday House Marine Band i n the places mentioned 
afeove. The thick sandstones at these places would then underlie 
i t s horizon and have stood up above, the sea, so that the Faraday 
House Marine Band was net deposited. However, i n the Selset Bores, 
. . . . . .. t . , . 
where the Fattison S i l l i s at i t s thickest, the Faraday House Marine 
Band was de f in i t e l y l a i d down, so that removal by transgression i s the 
more l i k e l y explanation f o r i t s absence. 
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67. 
(d) Crow Cyclothem. 
( i ) General. The beds of th is cyclothera and the succeeding 
one are the least satisfactory of a l l the strata discussed i n th is 
thesis* Exposure of the marine beds i s poor, and there are no 
de f in i t e ly recognizable bands between the Faraday House Marine Band 
and the Upper Stonesdale. In addition the lack of arenaceous rocks 
over most of the area makes mapping d i f f i c u l t . F inal ly there i s 
the less ef one marine band between the bottom of Lunedale and the 
remainder of the d i s t r i c t so that correlation between isolated out- . 
crops i s always speculative. 
The limestone has been known as the Grow over a l l the country 
to the south and west, i n the Mallerstang Memoir (1391), on the Old 
Geological Survey Maps, and i n Turner (1935). On the Alston Block 
* 
the equivalent bed i s the Crag Limestone, with the Knueton Shell 
Beds of Oarruthers (1938) above i t . To the south no strata have 
been named between the Crow Limestone and the Lower Stonesdale 
Limestone, but to the north there are a number of thick sandstones 
above the Knueton Shell Beds. These are West garth Forster's Slate 
S i l l s f o r which the Hunstanworth miner's term Grit S i l l s was used 
by Oarruthers (1938). The l a t t e r term i s also used here f o r sand-. 
stones and g r i t s below the Rookhope~"SKell Beds. 
No section of any value could be obtained from the Bowes area, 
so one was drawn-up f o r Beepdale Just beyond the eastern boundary 
of the map. A t r i p l e f a u l t throwing north breaks the section, but 
as equivalent strata can be recognized on either side of the f a u l t 
the section i s f a i r l y accurate. The' Crow Limestone i s well exposed 
i n the r ive r f o r some distance either side of Crag Bridge and there 
i s a small outcrop on the north west side of Haveek (954146). 
68. 
Between Ravock and an isolated outcrop of the limestone north 
east of Beepdale Head nothing i s seen of the cyclothem except f o r a 
coarse sandstone i n Baekstone Beck and Enotts Sike at the horizon 
of the Grit S i l l s . 
In Westmorland exposure i s no better though there i s a complete 
section i n Borrowdale Beck repeated by the f a u l t i n Orook Beck. A 
few loose limestone boulders sometimes enable one to map the posit ion 
of the Crow Limestone and there are small exposures above High Crag, 
and at Oow Howe, but they are a l l . 
In Deadman G i l l the upper part of the cyclothem i s f a i r l y clear 
but the lower part i s doubtful since there i s no limestone i n place. 
A more complete section i s seen i n Howton Sike with fur ther exposures 
i n Olove Sike and Black Crook. Then everything i s l o s t under d r i f t 
u n t i l the Selset Bores are reached. Holes Hoe. 7a, 7 and 8 each 
penetrate part of the cyclothem but as correlation between the holes 
i s not precise the section i s only an approximate one. Good surface 
exposures can be found near Grassholme Bridge and i n Shields Beck, 
but as the Roakhope Shell Beds are net seen In either case the tops 
of the sections are not exact. Bast of Grassholme the Gri t S i l l s 
form a good mappable horizon, as good as the Fattlnson S i l l f o r 
purposes of correlation between the stream sections. These sand-
stones also outcrop i n the River Tees and i n Bunder Beck but apart 
from one exposure of what i s probably the Grow Limestone i n the Tees, 
the rooks below the Grit S i l l s are not seen. 
( i i ) Grow, and Crag Limestone. The Grow Limestone of Deepdale 
I s a th ick , moderately pure limestone with muddy and siliceous bands, 
and some shale partings, but l a t e r a l changes are rapid. I t i s 
69. 
comparatively foss i l i fe rous though the foss i l s are mainly fragments 
and crinoid ossicles* Some of the limestone i s rather siliceous 
but no chert occurs. Eastwards the Grow Limestone maintains th i s 
thickness as can be seen below the castle at Barnard Castle, but 
westwards i t must th in considerably f o r i t i s not exposed f o r more 
than 4 miles, and i n spite of the d r i f t th is i s most unl ikely i f i t s 
thickness was maintained. 
Confirmation of thinning i s obtained from a comparison of the 
outcrops i n Borrowdale Beck and i n Crook Beck which show how rapidly 
the l i tho logy may change. 
m general, however, there are three hard bands, separated by 
shale, the lowest one containing a s l i gh t l y muddy limestone which 
weathers a deep orange brown. Boulders of th i s are sometimes seen 
l y i n g around marking the posit ion of the Crow. Otherwise, outside 
the streams, only a siliceous limestone i s seen, typical of the lime 
plate of Carruthere. the three hard bands are again found i n the 
streams near the Lunehead Mines, though the Iden t i f i ca t ion of the 
limestone i n Black Crook i s rather doubtful. The f o s s i l sandstone 
and sandy limestone at the base resemble the L i t t l e Limestone, but a 
sandy limestone occurs i n both Rowton Sike and Clove 3Lke at the 
base of the Crow and the overlying nodular shale suggest that i t i s 
probably th is limestone. 
The remaining three sections of the Crag Limestone show nothing 
very new except that there i s a high proportion of interbedded shale 
and that the thickness at Shields Beck i s approaching that of 
Deepdale. The outcrop i n the Tees also shows a thickness of about 
50*. Thus both the thickness and the proportion of pure limestone 
and siliceous limestone to shale increase to the east and south east. 
70. 
(1,11V Shale. Throughout the area the thickness of shale 
above the Grow Limestone i s considerable. I t usually contains 
bands of unfossi l i ferous chalybite-mudstone nodules and i t may 
continue r igh t up to the base of the overlying cyclothem without 
any sandstone. 
(1 v) Knuotpn Shell,. Beds. On the Alston Block these consist 
of two beds of shelly sandstone interbedded with shale which fo l low 
the Grag Limestone (Dunham 1948, p.35). I n Snaisgi l l , north of 
Middle ton-in-Teesdale, the two bands can be picked up, but the sand-
stone i s rather micaceous and muddy. This i s even more obvious In 
Shields Beck where the Knuctons are represented by a s l i g h t l y 
calcareous sandy mudstone with some siliceous lime-stone. This 
marine horizon i s not pa r t i cu la r ly foss i l i f e rous , and only one band 
i s seen, but the beds above i t are obscured so that there may be two. 
This i s the only surface outcrop, but i n the Selset Bores two th in 
bands of foss i l i fe rous mudstone were recorded i n the Grit S i l l s which 
may be the equivalent of the Knuctons. Carruthere (1958) includes 
one Knucton Shell Bed i n his section f o r Grassnolme Bridge, but th is 
i s now shown to be the Faraday House Marine Band, the l l tho logy of 
which i s ident ical with the Knuctons of the Teesdale-Weardale water-
shed. 
(v) Grit. S i l l s . Over most of the eastern ha l f of the area 
the top part of the eydothera contains a sandstone up to about 40* 
thick which grades up from the shale below. In Deepdale and Hunder 
Beck th i s i s a normal flaggy compact sandstone with occasional 
len t icu lar bands of calcareous sandstone. This calcareous sandstone 
71, 
i s non-marine and contains no f o s s i l s , but i s an extremely micaceous 
sandstone cemented by ealci te. The western sections show no sand-
stone, though i t begins to appear at Hack Crook. 
In addition there i s another arenaceous f a d e s , consisting of 
a coarse sandstone or g r i t which i s pa r t ly seen at Selset and east 
of Grassholme. However i t does not r ea l ly develop u n t i l Bail H i l l 
Just east of Shields Beck i s reached, where a g r i t l l t h o l o g i c a l l y 
comparable with the normal Millstone Grit appears. This i t was 
thought to be by the old surveyors who Inserted a north easterly 
f a u l t east of Shields Beck. The f a u l t , however, would cut across 
several mappable horizons, including the L i t t l e Limestone, the 
Faraday House Marine Band and the Transgression Beds Grits . 
Furthermore the Rookhope Shell Beds and Lower Fe l l top Limestone 
have been found above th is g r i t , and, i n the Tees the sandstones 
below these limestones are d i s t i n c t l y coarse and contain g r i t bands. 
This i s therefore a continuation of the coarse f ades above the 
Rogerley Transgression at the base of the Low Grit S i l l on the 
Alston Block described by Dunham (1948). The base of the g r i t i s 
never seen, so there i s no posit ive evidence i n th i s area f o r 
unconformity. Since the width of the Hunstanworth-Stanhope-
Middleton washout i s only 2 to 2£ miles i t i s possible that i t exists 
here but that i t i s hidden by d r i f t . On the south side of the 
syncline the coarse sandstone around Knotts Sike may be the Grit 
S i l l s , though i t s horizon i s not absolutely certain. At any rate 
the true g r i t f ades has died out and probably the wash-out has 
disappeared. 
72. 
(v l ) Biscuseioo. As with the previous cyclothem the 
variations i n thickness are very great, and the thinnest sections 
are found i n the same part of the area, i n the north west and also 
the west. Sandstone i s completely absent from th is part and th is 
compares with the Askrigg Block where the Grow and the Lower 
Stonesdale marine horizons are quite close together, separated 
only by shale. 
The disappearance of the Knucton Shell Beds i s a problem. 
On the Alston Block Dunham has shown how they may be cut out by the 
logerley Transgression. This i s not the cause of the i r disappear-
ance here as their absence has no connection with the development 
of Grit S i l l s . Therefore either they die out or they combine with 
another marine band, or the correlations are wrong. A comparison 
of the sections shows that they are not l i k e l y to combine with 
another marine band. The poss ib i l i t y of incorrect correlations 
above the Crow Limestone i s too b ig to be discussed i n f u l l , here, 
but an examination of the Deepdale section shows that i f the 
Kauetons are equivalent to the Lower Stonesdale Limestone then 
there i s a thick sandstone beneath them, and this i s contrary to 
anything seen on the Alston Block. Thus the probabi l i ty i s that 
the Knucton Shell Beds die out just west and south of the Grassholme 
Reservoir. 
The Grit S i l l s almost certainly disappear south of the present 
area as there i s no record of a sandstone below the Lower Stonesdale 
i n the Mallerstang Memoir. This confirms the evidence of the area 
i t s e l f that the Grit S i l l s and Rogerley Transgression decrease i n 
importance southwards. 
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(e) Lover Stonesdale Cycle them and Rookhope Shell Beds. 
(1) general. The name Stonesdale f o r the limestones of th i s 
cyclothem and the succeeding one was f i r s t used by Hudson (1941, 
p. 064) as they are well exposed I n the valley of that name. 
Previously they had been known as the Fel l Top Limestones because 
they were considered by the authors of the Mallerstang Memoir (1891) 
to be the equivalent of the Fel l Top Limestones of the Alston area. 
This correlation i s now shown to be incorrect and as West garth 
Forster's term Fel l Top i s of ear l ier usage i t w i l l be confined to 
the limestones of that name on the Alston Block, where the strata 
considered to be equivalent to the Lower Stonesdale Limestone are 
the Rookhope Shell Beds, named by Garruthere (1958). They are 
usually i n two bands and may have the Rookhope Ironstone above them* 
On the south side of the syncline exposure i s extremely poor 
but, once again, a? section can be obtained from Deepdale just beyond 
the margin of the map. There are two outcrops of limestone i n 
Knotts Slice and Knotts S i l l with some sandstone above, but too much 
reliance should not be placed on the correct i den t i f i ca t ion of any 
of the rocks along the north side of Deepdale as mapping i s very 
much a question of guess work. Along the Westmorland scarp, however, 
exposure i s better and the limestone outcrops i n most of the small 
becks, often with an appreciable thickness of shale above i t . I n 
addition, the hard nature of the rock compared with the shale above 
and below i t causes a strong feature to be found between the becks, 
often revealing so l id rock exposures. 
This continues through Deadman G i l l to Rowton Sike, beyond 
which the entire cycle them i s hidden by d r i f t u n t i l Soulgi l l Beck 
i s reached. Good sections are obtained i n both th is and Rowantree 
Beck of the upper part of the cy d o them, and. there are fur ther 
outcrops at Bink House and i n the heck S.S.E. of Grassholrae referred 
to as Ho Name Beck. Three of the Selset Bore Holes pierce part of 
the cyclothera but there i s no precise correlation between the holes, 
and the top i s not revealed. East of Ho Name Beck exposure i s poor 
except f o r Wester Beck and l i t t l e scraps i n Shields Beck and Wadycarr 
Bike. I n the River Teas the whole sequence can be seen and both 
the upper and lower parts occur i n Bunder Beck, .but they are 
separated by fau l t s so that the f u l l thickness cannot be ascertained. 
( i i ) . . Lower Stonesdale Limestone and Rookhope Shell Beds. The 
marine part of th is cyelothem i s extremely variable l i t h o l o g i c a l l y . 
In Westmorland i t does form a good mappable horizon, but i n the rest 
of the area i t has no. diagnostic characteristics and i t s recognition 
is based merely on the constant occurrence of a marine band between 
the Upper Stonesdale Limestone and the Grit S i l l s . 
I n Deepdale the marine series i s over 201 th ick, consisting 
mainly of foss l l i fe rous shale with some hard bands of pure and 
siliceous limestone. The base I s not quite clear because the 
underlying sandstone does contain some f o s s i l s , producing a problem 
similar to that of the L i t t l e Limestone. Eastwards the marine beds 
thin a l i t t l e . 
The o ld surveyors mapped a limestone i n Hazel g i l l Beck (976160) 
but nothing can now be seen of i t there. They did not attempt to 
l i n k i t up with any other limestone but i t i s almost certainly the 
Lower Stonesdale. The exposures i n Knotts 8ike and Knotts G i l l are 
very poor but they show that the marine band i s f a i r l y thick and that 
i t may be associated with a very hard quartz; g r i t . 
75. 
Da Westmorland the Lower Stones&ale i s not ranch more than 10* 
thick and i t i s mainly impure limestone with purer limestone at the 
base, packed with crinoids and other f o s s i l fragments. I n the 
streams the impure limestone hands appear to he f a i r l y homogeneous, 
hut when exposed to weathering on the grassy slopes they are seen 
to he the typical lime plate of Oarru there-, the more calcareous 
portions weathering out and leaving the siliceous hands, thus giving 
a pla ty e f fec t . This lime plate i s called siliceous limestone, 
though i n the streams i t was at f i r s t thought to he calcareous 
mudstone as the two appearances of the rock are very d i f f e r en t . 
This siliceous limestone can he followed r igh t round to Rowton Sike 
where the Lower Stonesdale i s only 5* thick and contains no pure 
limestone. 
At Bink House about 4 ' of siliceous limestone are seen at the 
top of the marine series, but i n the Selset Bores there i s a .great 
thickness of par t ly marine strata above the Grit S i l l s . Hole No. 8 
gives the fol lowing section above the Qri t 8111s;-
Wtm Ins. 
Bark foss i l i fe rous limestone, with a g r i t t y 
limestone at the base . . . . . . . . . . . . . . . . . 3 
Sl ight ly fossiliferouB shale and mudstone . . 14 
Very hard, foss i l i fe rous calcareous 
mudstone • • • • 5 6 
Dark, s l i g h t l y calcareous g r i t 1 6 
Nodular shale 25 
Calcareous, foss l l i fe rous mudstone and 
muddy limestone ••*** ***" 4 
Siliceous limestone on sandy mica shale • • • • 6 
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Either the upper part of th is section corresponds to the Lower 
Felltop Limestone or the Rookhope Shell Beds extends over a ver t ica l 
range of more than 50' . The f i r s t suggestion seems improbable i f 
the S o u l g i l l , Rowantree and No Name Beck sections are examined f o r 
details of the beds below the Lower Fell top, i n a l l of which streams 
thick sandstones occur. In Wester Beck, where the nearest surface 
exposures of the Rookhope Shell Beds are seen, the thickness may be 
a l o t more than the 16* shown, as neither the top nor the bottom are 
clearly defined. I t seems therefore that the Rookhope Shell Beds 
are extremely thick here and this agrees with Carruthere* sections 
f o r Swlnhope and North Teesdale i n both of which the Shell Beds are 
60' apart. 
The outcrop i n Wester Beck shows the mudstone and g r i t we l l . 
I t i s very foss i l i fe rous and the g r i t occurs i n bands i n the mudstone, 
consisting of rounded grains of quartz; 2 mm. across, cemented by 
ealcite. This i s the only outcrop with th i s l i tho logy , though the 
one i n Knotts Sike i s similar. 
In Bonder Beck there are only 5' of marine beds at the horizon 
which i s taken to be the Rookhope Shell Beds. They are a very 
variable series of siliceous and pure limestones with a l i t t l e shale, 
comparable to the l i t ho logy .o f the Lower Stonesdale of Westmorland. 
The rocks i n the Tees are s imilar , though a l i t t l e thicker. 
( H i ) Shale. Sandstone and Rookhope Ironstone. The shale of 
th is cyclothem cannot be separated from the sandstone as a l l the 
northern sections show considerable variat ion from normal cycl ic 
deposition. I t i s true that i n Deepdale and i n Westmorland a 
shale, often nodular, i s followed by a sandstone. This sandBtone 
77. 
contains foss i l s and may become g r i t t y at the top making a good 
marker band along the scarp and reaching i t s maximum thickness near 
Mickle G i l l . However i n Crook Beck, and below High Edge, another 
ganlster or sandstone comes i n a short way above the top of the 
Lower Stonesdale. 
This i s a precursor of the sandstones seen elsewhere. In Hunder 
Seek there i s one Just above the Roekhope Shell Beds and i n Soulgi l l 
and Rowantree Becks there' i s a thick sandstone with shale above i t 
and then more sandstone, while the cyclothem i s topped by shale. 
On the other hand i n Wester Beck there i s a great thickness of shale, 
with no sandstone at a l l above the Eookhope Shell Beds. This i s 
matched on the south side of the syncline, f o r the sandstone of 
Knotts Bike also dies out l a t e r a l l y to be replaced by 50* or more of 
nodular shale I n Hazel g i l l Beck. 
I n Ho Name Beck there i s , i n the shale, a th in band of f o s s l l -
iferous mudstone and ironstone, the l a t t e r showing good cone-in-cone 
structure. Nothing very def in i te can be found below i t though there 
i s a great deal of loose shale, suggesting a considerable thickness, 
and a broad shale feature can be traced eastwards to Wester Beck 
where there i s a th in f o s s i l band i n the shale. These two marine 
outcrops have been correlated together, and i t i s suggested that they 
may represent the Rookhope Ironstone of the Alston Block. They are 
not found anywhere else i n th i s area and are evidently res t r ic ted to 
where the cyclothem i s thickest. 
The beds beneath the Lower Fel l top Limestone are not everywhere 
sandy, though i n Ho Heme Beck there i s a thick sandstone which i s 
pa r t ly carbonaceous and siliceous at the top of the cyclothem. This 
sandstone i s not extensive as i t cannot be found outside Ho Name Beck 
78. 
and undoubtedly i n both Rowan tree Beck and Hunder Beck a nodular 
shale underlies the Lower Pelltop Limestone. By the time the Tees 
i s reached there i s only 6* of sandstone f lags to represent the non-
marine part of the cyclothem. 
(ivY Discussion. The changes of thickness are greater than 
i n any previous cyclothem. The posit ion of maximum thickness i s i n 
the centre of the area where i t i s more than 120' with a reduction 
i n the west to around 50*• To the east, however, the reduction 
i s much greater and one might suspect that the correlations were 
wrong i f i t were not possible to trace the cyclothem down Deepdale 
to Barnard Castle, where only 6' of coaly shale and sandstone 
separate the Upper and Lower Stonesdales, as compared with 50* of 
non-marine beds two miles upstream. On the north side of the 
syncline the decrease i n thickness i s also very rapid and occurs 
near Shields Beck, f o r the reduction i s almost certainly complete 
by Wadycarr Sike. Thus i t appears that a l i ne of maximum thickness 
could be drawn, running S..8.E. through the centre of the area, with 
a l i n e of minimum thickness on the east and an intermediate one 
i n the west, but without any def in i te information f o r the middle of 
the syncline this interpretat ion i s probably too s impl i f ied and 
one i s not j u s t i f i e d i n drawing lsopaehytes. 
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( f ) Upper Stonesdale Cyclothem and Ooalcleugh 
Transgression Beds. 
( i ) general. This i s the thickest and most variable of the 
cycle theme. Within i t there are Both horizontal and ver t i ca l 
changes of f a d e s from Yeredale to Millstone Gri t . The cyclothem 
i s very well exposed throughout Baldersdele and i t s t r ibu tar ies , out 
i t s great thickness, combined with the horizontal attitude of the 
strata i n the centre of the syncline, make complete sections 
extremely rare. 
The reasons f o r using the name Upper Stonesdale f o r the basal 
limestone of the cyclothem were stated above (p. 75) • Above th is 
limestone, on the Askrigg Block, come the Mirk Fel l Beds comprising 
ganister, ironstone and shale, i n that order. Although there i s a 
b r i e f mention of the limestones i n the Hallerstang Memoir (1891), 
these beds were f i r s t named by Ghubb and Hudson (1925), the l a t t e r 
author giving fur ther details i n his paper of 1941. They nre 
succeeded by the Kettlepot Ganister and Coal which was thought by 
Carruthers (1938) ta be d i s t inc t from the Tanhill Goal. There 
appears to be some doubt about th i s a© the authors of the Maller-
stang Memoir took them to be the same seam. At the top of the 
series come the Tanhill Sr i t s . Owing to the variable nature of 
the strata above the Mirk Fel l Beds, the terminology of the Askrigg 
Block has not been used here f o r beds above the Mirk Fe l l Ironstones. 
On the Alston Block the basal limestone i s the Lower Fe l l top. 
This i s the or ig ina l "Fel l Top" of Westgarth Forster, nowadays 
writ ten as one word. Above th is come the Transgression Beds of 
Carruthers (1938), distinguished from the beds connected with the 
Rogerley Transgression as the Ooalcleugh Transgression Beds by 
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Dunham (1948), who describee them as "limonite-stained flaggy sand-
stones, with ganister i n places, medium to coarse-grained, hut 
rarely becoming gr i t s* . There are overlain by the Ooalcleugh 
Obal and Shell. Bed (Oarruthers 1928), the l a t t e r called the Goal-
eleugh Marine Beds by Dunham. A micaceous flaggy sandstone above 
th is i s known as the Hippie S i l l or Low Grindstone, but the highest 
sandstone of the eydothem, immediately below the Upper Pell top 
Limestone, i s unnamed. 
i n th i s area the beds i n the middle of the cyclothem have two 
d is t inc t l i tho log ies , one of which i s similar to that of the Ooal-
cleugh Transgression Beds of the Alston Block: and the other which 
compares with the Tanhlll Grits to the south. The extent of the 
l a t t e r i s shown i n the map (Figure 9 ) , the g r i t s having been named 
Transgression Beds Grits. These consist of a single band i n the 
western part of the area, but i n the eastern part there may be 
three separate bands, the two lower ones being distinguished as 
the pebbly g r i t and the middle g r i t . For convenience the Ooalcleugh 
Transgression Beds are referred to as the "mixed fades" , and the 
Transgression Beds Grits as the " g r i t f ades" . 
Once again there i s a good exposure of much of the lower part 
of the section i n Deepdale 3ust o f f the map. The g r i t s seen there 
above the Upper Stonesdale Limestone can be followed westwards u n t i l 
they form the steep c l i f f s of Crag H i l l . Beyond the road there i s 
8 great deal o f d r i f t , but outcrops of the g r i t and sandstone occur 
near Battle HillL and on Ladyfold Bigg with a shale overlain by sand-
stone forming the dip slope on the north side of Stonefold Rigg. 
West of Laflyfold Rigg sol id rock i s los t from sight and mapping had 
to be done by features, a d i f f i c u l t task i n so variable a series. 
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However i n Yoke SLke both the Felltop Lima tones* are seen, with much 
of the Intervening strata. 
At the County Boundary there are good exposures of non-marine 
beds but the Upper Stonesdale i s not seen again east of the Westmor-
land scarp. The top of th is i s formed by the g r i t f a d e s , mapped 
by the o ld surveyors as Millstone Gri t . North east of the scarp 
are long peat-covered dip slopes, the streams on which reveal loose 
g r i t boulders and occasional sol id exposures, which become fewer 
eastwards as the d r i f t cover increases. Along the scarp there are 
many exposures of the limestone i n the streams from L i t t l e Knipe 
onwards, and the f o s s i l g r i t at the base can often be mapped between 
them. I t can also be used to distinguish the Upper from the Lower 
Stonesdale. The overlying shale occasionally occurs i n the streams 
as we l l , but i t i s not t i l l Blrkbeck G i l l that any ironstone i s 
found. From there to Mickle G i l l the Upper Stonesdale forms a good 
feature and i n Mickle G i l l there i s a clear section almost up to the 
g r i t f ades . West and north of Iron Band the feature continues, 
but, i n common with the underlying strata, d r i f t obscures almost ellL 
the sol id rock E*N.E* of Low Crag. 
Soul g i l l Beck and, i n part icular , Rowantree Beck give excellent 
sections and east of them, i n spite of poor exposures, the mapping 
i s f a i r l y re l iab le . Another check of the f u l l cyclothem i s obtained 
from No Name Beck and outcrops of the Lower Fe l l top Limestone i n 
Shields Beck, Wadyoarr Sike and i n the River Tees enable the base of 
the series to be followed accurately. Unfbrtunately the top i s 
never seen east of No Name Beck and i t s posit ion has to be conjectured. 
With the exception of the h i l l tops above the dale and one or 
two do wnf suited blocks, the whole of Baldersdale i s composed of 
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rocks of th is cyclothem. In the River Tees, o f f the map, they 
form the r iver "bed and the r ive r gorge f o r a distance of over four 
miles. Similarly the River Balder, below the reservoir, cuts down 
through thick g r i t s and shales. North of the Balder i n Wilden Beck, 
Holy Beck and Thaekwood Beck there i s a great deal of g r i t exposed 
and the small t r ibutary becks of the Lower Balder also contain good 
exposures of the higher beds of the cyclothem, but between the railway 
and the Tees d r i f t covers a l l the sol id rock, and the r iver at no 
point cuts down f a r enough to expose the Lower Pelltop Limestone. 
On the Old Series 1-inch Map Sheet 102 S.E., a limestone i s shown 
extending f o r two miles along the north side of the. r iver from Birk 
Hat to below Hury. This was not shown on the 6-inch sheet and i t 
i s a l l covered now by the water of the reservoirs. 
The north side of the reservoirs i s almost free from glacial 
d r i f t and as the Upper Fe l l top Limestone i s exposed i n most of the 
streams mapping i s easy. South of the Reservoirs however the only 
guide to the top of the cyclothem i s the limestone in How Beck and 
so the posit ion of the non-marine rocks i n the beck leading into 
the Subsidiary Dam and art Olove Lodge.is conjectural. However, 
Hunder Beck and i t s t r ibutar ies have cut r igh t down through more 
than 100* of strata to expose the Lower Fel l top Limestone i n at 
least four places, with most of the rocks above. A major B.-W. 
f a u l t , the Hunder Beck Fault, and many minor f au l t s help to repeat 
the sections, though at the top of Hunder Beck, west of Dun Moss, 
the marker bands are l o s t , and mapping i s made increasingly d i f f i c u l t 
by peat and d r i f t . 
Excellent exposures exist a l l the way up the River Balder and 
i n i t s t r ibutar ies above the reservoirs with the Upper Felltop 
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Limestone marking the top of the cy d o them. The sandstones and 
shales, however, are so variable that the fol lowing of individual 
bands i s extremely d i f f i c u l t , especially near the junction with 
Blade Beck. Towards the County Boundary no marker bands can be 
found and the non-marine beds cannot be correlated accurately. 
The same i s true of the upper reaches of Soul g i l l Beck which have 
many exposures, but as a l l the becks run either along the str ike or 
down dip, an i n s u f f i c i e n t thickness of strata i s penetrated f o r a 
marine band to be found. 
( j i ) Upper Stonesdale and Lower Pell top Limestones. As with 
a l l the higher marine bands, the l i tho logy of th is limestone i s 
extraordinarily constant throughout the area, i n contrast to the 
varied nature of the ones below. Generally i t consists of two th in 
limestones 1 ' - 2* thick separated by shale. Consequently while i t 
i s readily iden t i f i ab le when seen, good exposures are very rare 
because i t usually has shale both above and below i t , and so does 
not form a feature. 
An exception to th is i s along the Westmorland scarp where f o r 
some distance i t i s underlain by a sandstone (p. 77 ) the top of 
which i s d i s t i n c t l y coarse, occasionally a? g r i t , and contains marine 
fos s i l s . This i s characteristic of the base of the marine series 
i n many other places. In Deepdale the top of the underlying sand-
stone contains f o s s i l fragments and i n the north east of the area the 
exposures i n Shields Beck and Wadycarr Sike show a rock containing 
pebbles of quartz, felspar and calc i te , cemented by finer-grained 
quarts and calc i te , with occasional foss i l s . Ehis also occurs i n 
the Tees where there i s V6* of g r i t t y limestone at the base of the 
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Lower Fell top. The g r i t t y nature of the limestone ie less obvious 
i n Bunder Beck and i t s t r ibu ta r ies , but i t can be recognised i n 
Yoke Side and the lower bands i n Mawmon Sike and Crawl aw Slke ore 
d i s t i n c t l y siliceous. They weather a deep red-brown colour, with 
quartar pebbles standing out on the surface. Above the lower band 
are shales about 4* - 8* thick i n the central area and s l i g h t l y 
foss i l i f e rous , but they are thicker i n Westmorland and i n the River 
Tees, where they contain foss i l i fe rous mudstone bands. 
The shales are overlain by the dis t inct ive second limestone 
band, which i s a fine-grained, grey, rather siliceous limestone, 
f u l l of f o s s i l fragments, weathering a l i g h t brown colour, the clear 
ealeite of the f o s s i l fragments showing up wel l against the matrix. 
I t i s exposed i n a l l the outcrops of Bunder Beck and i t s t r ibutar ies 
and loose pieces can be recognized i n many parts of the area where 
the sol id rock i s not seen. An example of th is i s i n Bowcrag Slke 
where quite a l o t of lo&se limestone can be found i n both the head-
waters act the same height above 0#D. Original ly i t was thought that 
the Lower Felltop passed into the argillaceous limestone exposed 
Just above, but the l i tho log iea l character of the loose pieces i s 
i 
such that there can be no doubt that th is was wrong, and that the 
Lower Felltop horizon i s close to the loose blocks. In the next 
beck, east of High Clove H i l l , Oarruthers (1958, p.245) found a lime-
stone *rotted to an ochre famp, but cores of crinoidal and shelly 
limestone remain1*. This i s barely exposed now, but i t i s undoubt-
edly the Lower Fell top, though Carruthers considered i t to be the 
Upper Fel l top, f o r i t has below i t the f o s s i l g r i t associated with 
the former bed. 
The upper band of limestone i s seen i n Deepdale and i n many of 
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the hecks along the Westmorland scarp. i n Rowan tree and Soul g i l l 
Becks th i s alone i s exposed and nothing can be found of the g r i t t y 
limestone, though i t i s possible that the l a t t e r exists , as exposure 
o f the underlying beds i s very poor. Certainly, the g r i t t y lime-
stone i s picked up again i n the beck north of Bast Wham and i n No 
Name Beck, i n both of which the overlying beds are not exposed. l a 
the l a t t e r beck the g r i t t y limestone i s probably finer-grained than 
anywhere else and i s seen under the microscope to be only s l i gh t l y 
calcareous since i t i s mainly composed of mud with about 25$ of 
sub angular quarts grains about 0.2 mm. across. In the River Tees 
the upper band of limestone i s again found, though i t i s cut out at 
Bggleston Bridge by the transgression beneath the basal g r i t , and i t 
i s necessary to go nearly a mile downstream and beyond the margin of 
the map to see i t . 
Undoubtedly the limestone i n Baldersdale under the water of the 
reservoirs i s the Lower Pell top. A thorough search was made of the 
reservoir banks when the water was low but nothing could be found i n 
place. However quite a l o t of loose limestone was found at some 
places which had obviously not t ravel led very f a r and which was 
l i t h o l o g i e a l l y similar to the Lower Pell top. 
Usually these two bands complete the marine series, but at 
two points, i n Yoke SLke and Orawlaw Bike, a foss i l i fe rous shale 
overlies the limestone, containing a few gastropods and l ame l l i -
branchs. I n Mickle G i l l there i s a t h i r d hard band composed of a 
fo soniferous mudstone, with brachiopods and small phosphatic nodule 
I t makes the whole marine series nearly 30* thick, an exceptional 
thickness. 
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( H i ) Kirk m i Ironstones.. Shale and Sandstone. Except where 
an overlyiag unconformity removes them, there are always shales above 
the Upper Stone sdale Limestone. These usually contain nodules, 
pa r t i cu la r ly near the base. I n Mi dele 0111 the shales become rather 
arenaceous about 60* above the bottom of the Upper Stone sdale Lime-
stone, developing into 14* of sandstone f lags and sandy shale. These 
are presumably the equivalents of the Mirk Fe l l Ganister which has 
otherwise not been recognized i n th is area. Shale comes i n above 
th is sandstone, containing three lent icular bands of Ironstone, which 
are composed mainly of s iderl te and calcite wi th a very few angular 
ouarts grains and contain 8p i r i f e r s well preserved i n calci te . They 
are very similar to the Mirk Fe l l Ironstones described by Hudson 
(1941) and i f his section i s compared with the one f o r Mickle G i l l 
they w i l l be seen to be almost identical f o r thickness and l l tho logy 
except f o r the disappearance of the Mirk Fe l l Oanister. This was 
said by Ghuhb and Hudson (1925) to th in southwards and i t evidently 
dies out northwards as we l l . 
An ironstone i s also seen i n Birkbeok G i l l , between the f a u l t s , 
but no other def in i te exposureeof the Mirk Fe l l Ironstones havebeen 
found. There are however some possible ones. One i s i n Sowerag 
Slke about 50* below the base of the g r i t facies. I t i s no longer 
an ironstone, but instead i s an argillaceous limestone the lower band 
of which contains many complete brachiopods, mainly Spir i fers . 
toother exposure i s at CIombB i n the River Balder (899181). I t i s 
a foss i l i f e rous , ferruginous mudstone, s l i gh t l y calcareous, and 
containing many brachiopods preserved i n calcite and some phosphatic 
nodules. I t overlies 6' of non-marine shale whose base i s not 
exposed. Final ly there are some foss i l i fe rous shales and mudstones 
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i n Soulgil l and Eowantree Becks, par t i cu la r ly well exposed i n the 
l a t t e r . 
Above the ironstone i n Mickle G i l l i s more nodular shale, 
capped by some very badly weathered mealy sandstone, perhaps 20* 
below the base of the -grit f ades . The beds underlying the g r i t 
facies are usually hidden under debris, but i n the headwaters of 
Soul g i l l Beck, one mile east of Bow Crag, there are some poorly 
exposed shales rest ing on a ganister which at some points has a good 
coal above i t . The coal i s about 40* below the base of the g r i t 
f ade s and presumably overlies the Mirk Pel l Ironstones. I t i s 
tempting to correlate i t with the Kettlepot Oanister and Goal of 
Stonesdale, the Mirk Tel l Shales having thinned from about 100* to 
SO* i n the intervening 8 miles. 
(lv> Ooalcleugh Transgression Beds. The beds which fo l low 
have two separate l i tho log iea l f a d e s , the approximate d i s t r ibu t ion 
of which i s shown on the map (Figure 9 ) . One of these facies 
occurs I n the centre of the ares where there i s an extraordinarily 
variable series of every sort of non-marine rock shales, Biltstones 
and sandstones, usually rather micaceous and carbonaceous, with some 
coals, ganister and siliceous sandstones and th in g r i t s . This i s 
the 'mixed f a d e s ' of th i s thesis, which i s correlated with the 
Ooalcleugh Transgression Beds of the Alston Block. Not only i s i t 
impossible to Join up isolated outcrops with any certainty, but i t 
i s very d i f f i c u l t to generalize about any single outcrop sinee the 
i i thology changes so rapidly every few inches, both ve r t i c a l l y and 
horizontally. Nevertheless where the series i s dominantly aren-
aceous i t has been mapped as a sandstone and where i t i s mainly shale 
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i t has been l e f t blank. 
These beds were described by Garruthers (19S8) and Dunham (1948) 
who have both shown that on the Alston Block they consist of a very 
variable sandstone series. These are undoubtedly the same beds and 
they were recognized as such by Oarruthers i n Bowantree and Soul g i l l 
Becks. The two outcrops though only £ mile apart are d i f f e r en t , 
i n Soul g i l l a compact sandstone overlies an 8" coal which, according 
to Oarruthers, probably thickens and sp l i t s into two seams not f a r 
away. In Rowan tree Beck no coal occurs, though the variable 
carbonaceous rocks above a ganlster may represent i t . 
On either side of these becks the strata are drif t-covered, but 
there are occasional outcrops to the east which have been correlated 
with the mixed f ades . At the quarry south of Three Chimneys 
(918205) there i s 1 ' of very badly weathered conglomerate, extremely 
ferruginous, overlain by 5' of coarse siliceous sandstone. I t has 
unidentif iable pebbles, including clay pel le ts 2 cms. across. 
Beyond Lane Head no exposure occurs and i t i s l i k e l y that there i s 
no longer any arenaceous rock, since i n No Name Beck nothing can be 
seen between the Lower Felltop Limestone and an ironstone which 
should overlie the mixed f a d e s . -Since exposure i n th is stream i s 
otherwise excellent th i s must mean that there i s continuous shale 
between the Lower Felltop and the ironstone. 
Farther east a th in g r i t or sandstone can be traced along to 
Shields Beck, at the top of which i t forms a f l a t feature on which 
there i s much g r i t i n place and a number of loose blocks, par t i cu la r ly 
on Toddyshaw H i l l . The south side of the Botany Ridge shows a 
similar increase i n the amount of g r i t eastwards,, though i t i s not 
so easy to trace as the lower beds are obscured by the reservoirs. 
PLATE IV, 
A. False-bedded, lenticular sandstones of 
the Ooalcleugh Transgression Beds i n 
Hunder Beck. 
-esc 
• 
B. Compact, lent icular sandstone and ganister 
of the Ooalcleugh Transgression Beds in 
Mawmon Sike. The Ooalcleugh Marine Beds 
appear as a nodular band in the shale bank, 
and are thrown up to the right by a fault . 
89. 
I t i s probable that the coarse sandstone and g r i t s seen at New 
Houses and south of the reservoir (948185) are above the mixed 
facies. the l a t t e r being represented by variable carbonaceous rocks 
exposed on the reservoir bank at New Houses and i n How G i l l , below 
the g r i t s . 
In the stream below Clove Lodge there are 90* of non-marine 
rock, the top of which i s not f a r below the Upper Pelltop Limestone. 
Unfortunately a f a u l t at the top of the section throws up the 
sequence so that the limestone i s not exposed. The mixed facies i s 
probably SO * th ick , but i n common with other exposures round the 
reservoir the absence of the marine Goalcleugh Marine Beds prevents 
one from being quite certain about i t s i den t i f i ca t ion . I t may be 
lower down, beneath the nodular shale at the water's edge. 
South west of Close Lodge i n Hunder Beck are the best exposures 
of the mixed facies i n the Stainmore Area. Upstream from Black ton 
i t appears i n the stream bed, dipping gently north, under great 
banks of loose shale. On the east side of the stream landslips 
complicate the section, but on the west side th i s mass of variable 
s i l t stones and sandstones r ise up the bank, sometimes reaching a 
thickness of SO', but suddenly lensing out as shown i n the photo-
graph (Plate IV-A) , so that nothing but shale remains. . There can 
be no doubt that th is i s not due to f au l t i ng as the overlying i ron-
stone can be followed r ight along from the continuous shale into 
the shale above the mixed facies. The mixed facies here i s the 
usual carbonaceous sil tstone and sandstone type with some ganister. 
No coal can be seen, but an old level shows that i t was once 
obtained, apparently from a seam occurring wi th in the sandstone. 
The beds themselves are strongly false bedded, depositional dips 
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being as high as 2 5 ° , but the f ©reset beds are i n no s ingle d i r e c t i o n , 
occurr ing at random and changing very r a p i d l y both v e r t i c a l l y and 
l a t e r a l l y . 
For i - m i l e upstream, i n to Mawraan Sike, nothing but shale i s seen 
below the ironstone, and then jus t before reaching the w a t e r f a l l , 
l e n t i c u l a r bands o f s i l t s t o n e appear i n the shale and above them, i n 
a matter o f 20 yards or so, a sandstone and ganister come i n , 10* 
t h i c k , w i t h a 3* coal beneath them. These form the w a t e r f a l l and 
a steep c l i f f south o f i t . The l e n t i c u l a r nature o f the sandstone 
and i t s passage i n t o continuous shale can be seen i n Plate IV-B. 
The nodular Coalcleugh Marine Beds also appear i n the centre o f the 
photograph, thrown up to the r i g h t by a small f a u l t . 
The ganister occurs again i n Crawl aw Sike below Or awl aw Stone 
(954165), but nor th o f the H.E* f a u l t s i t passes i n t o 6 f - 8 r o f 
hard f l aggy sandstone interbedded w i t h shale. I n Coal O i l ! and 
Bunder Beck (909165) the ganister i s also exposed, but 1 between these 
outcrops and Crawlaw Sike a th i ck sandstone i s developed beneath i t . 
This i s w e l l seen i n Bunder Beck (914164) and can be fo l lowed along 
Crawlaw Rigg i n t o Yoke Sike, where i t i s about 85' t h i c k . 
West o f Crawlaw Bigg the features are rather poor and the 
equivalents o f the mixed f a d e s cannot be i d e n t i f i e d f o r cer ta in at 
the top o f Hunder Beck. Bast o f Yoke Sike features can be traced 
along to Ladyfold Rigg, the crags o f which are formed by sandstone 
o f the mixed f a d e s , but the mapping o f t h i s par t o f the area i s 
l a r g e l y conjectural owing to the lack o f outcrops o f a l l the marine 
bands between the Crow- and the Botany limestones. 
The bottom o f the River Balder from the reservoirs to Black Beck 
i s made up almost e n t i r e l y o f mixed f a c i e s , w i t h occasional exposures 
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o f the underlying shales as w e l l . The former can be traced round 
from Binder Beck,, appearing as t h i n s i l i ceous sandstones near Start 
House, at the base o f S i l l Bike, w i t h outcrops o f shale beneath them 
i n the banks o f the ©alder . The sandstones probably form the top 
o f the r i g h t bank f o r a mi le upstream, though there i s no outcrop 
u n t i l a po in t near Balder Head i s reached (91J5186) where f l aggy sand-
stones come i n above the shale. F&r the next l £ miles mixed f a d e s 
occurs on both sides o f the r i v e r , usua l ly as a very var iable 
carbonaceous sequence, but there i s one d i s t i n c t band o f s i l i ceous 
sandstone which can be traced f o r several hundred yards. I n West 
Carni 0111 t h i s i s 14* t h i c k and i t under l ies a 6" coal which was 
once worked. 
There are two coal horizons i n the River Balder. The lower one, 
already mentioned, i n Soul g i l l and Lower Hunder Becks, occurs w i t h i n 
the mixed fac ies and has a good roof o f s i l i ceous sandstone or 
ganister. Consequently i t has been worked at many places, indicated 
by the presence o f o l d l e v e l s . This i s the seam marked on the 
1-inoh geological map. I t extends from east o f West Garni G i l l , 
where the p o s i t i o n o f the seam i s very uncer ta in , to Combs, on both 
sides o f the r i v e r , and i t i s seen to be at l eas t 1 ' t h i ck at Combs. 
Opposite Combs, the higher coal seam f i r s t appears. I t over l i e s 
the sandstone and s i l t s tones w i t h shale above i t , and i s about 6* 
t h i c k . 
The mixed f a d e s i's then hidden under higher rocks, but reappears 
again i n Black Beck as sandstones w i t h a 9" coal i n the shale above. 
This coal seam was also noted by the o l d surveyors, who traced i t 
down i n t o the Balder as a conjectured band. There i s no evidence at 
a l l f o r i t s occurrence below the f a u l t s shown on the present .'map and 
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i t probably dies out before the f a u l t s are reached, as no coal can 
be found even i n the small sike (885175) where the section o f s t r a t a 
i s complete. 
(v^ Transgression Beds Gr i t s . To the east and west the mixed 
f a d e s o f the Coalcleugh Transgression Beds passes i n t o t h i c k g r i t s 
and sandstones, termed the ' g r i t f a d e s 1 or Transgression Beds Gr i t s . 
I t i s unfortunate that the passage to the west takes place 
across that pa r t o f the country which i s masked by peat and d r i f t , 
but nevertheless the evidence o f the marine bands, p a r t i c u l a r l y the 
Lower P e l l top Limestone, shows that the base o f the g r i t f a d e s i s 
approximately at the same horizon as the base o f the mixed f a d e s . 
Even the o l d surveyors, without the use o f the marine bands, traced 
the g r i t s o f Stalnmore Common i n t o the mixed f a d e s o f Howantree 
and Soul g i l l Becks, although they were mis led f a r t h e r south i n t o 
co r re la t ing them e i the r w i t h the sandstone immediately below the 
Upper P e l l top Limestone or tha t below the Foss i l Sandstone. 
From Soul g i l l the mixed f a d e s passes i n t o g r i t s and sand-
stones south o f Broad Stone Bigg. Good features and outcrops o f 
s o l i d and loose rock are continuous from there to Stainmore Common. 
This i s formed by the dip slope o f the g r i t f a d e s , whose thickness 
cannot be accurately measured, but i t probably comprises at l eas t 
30* o f g r i t , under la in by f l aggy sandstones whioh were once extensively 
worked i n the o l d "slate* quarries i n the middle of the common. 
The various crags named on the map are a l l scarp features o f the 
g r i t which can be traced round Mi l l s tone Band i n t o the head o f Black 
Beck (856172) where over 40' o f g r i t s and coarse sandstones are 
exposed. They are then cut o f f by a f a u l t , but reappear again 
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f a r t h e r down Black Beck, forming the c l i f f s o f the v a l l e y f o r 
before e i the r dipping under the r i v e r feed or leas ing out . The 
evidence i s not too clear at the po in t where t h e i r outcrop f i n i s h e s , 
but they probably do both. 
Harton Crag i s a strong feature covered by loose blocks o f 
coarse sandstone, none o f which are seen i n place. The gra in size 
i s about 0 . 1 nan., considerably f i n e r than the g r i t s to the no r th and 
south. I t i s e i the r the equivalent o f the sandstone below the 
Upper P e l l top Limestone or o f the g r i t f a d e s which have become f i n e r 
than usual . I f the former, then a f a u l t must be introduced west o f 
Harton Orag, between the crag and Blrkbeok G i l l , to cut out the 
basal g r i t , while i n support o f the l a t t e r i n t e r p r e t a t i o n i s the 
occurrence o f sandstones as w e l l as g r i t s on Stainmore Oomraon. I t 
i s considered that the Barton Crag sandstone i s probably the Trans-
gression Beds G r i t , or a sandstone a l i t t l e below t h i s hor izon, and 
i t was mapped as such by the o l d surveyors. 
The g r i t f a d e s occurs i n the do wnf sui ted block south o f 
Birkbeck G i l l , made up mainly o f g r i t w i t h f l aggy sandstones as w e l l . 
South o f Wham there i s a continuous outerop along the top o f the 
escarpment, w i t h an o u t l i e r on High Edge. This continues as f a r as 
Black Tewthwalte,beyond whleh po in t the outcrop turns no r th u n t i l i t 
dips down under peat near Pox Y i r d . I t i s a quartzose, fe ldspa th ic 
g r i t o f var ied grain size ranging from 0 .1 mm - 1.0 mm., u sua l ly 
massive, but occasionally f l aggy w i t h very gentle f a l s e bedding. 
Sandstone i s not uncommon, normally under ly ing the g r i t . North 
east o f Rffidgill Hose the beds dip down i n t o the headwaters o f the 
Balder where higher s t r a t a come i n , and eastwards they pass l a t e r a l l y 
i n to the mixed f a d e s , though t h i s cannot be proved d i r e c t l y . 
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The eastern par t o f the area I s mainly composed o f the Trans-
gression Beds G r i t s , much th i cke r than those i n the west, sometimes 
forming as many as three separate bands. Beyond Ladyfold Crags, 
composed o f mixed fac ies sandstones, the f i r s t outcrop o f g r i t i s 
i n the o l d quarries south o f Ba t t l e H i l l , but the g r i t i s very t h i n 
and t h i s poss ib ly i s j u s t pa r t o f the mixed f a c i e s . East o f the 
road, however, the g r i t f ac ies suddenly comes i n to form the 
spectacular fea ture o f Crag H i l l . The o l d surveyors were compelled 
to draw i n a N.W. f a u l t west o f Crag H i l l , but there i s no evidence 
f o r i t . The explanation here advocated i s simply that a l a t e r a l 
expansion o f the g r i t s takes place. From Crag H i l l eastwards the 
g r i t s remain very t h i c k , over 60 f being exposed i n one continuous 
quarry face j u s t west o f the ra i lway. I n t h i s quarry face there 
are several bands o f sandstone and at leas t two bands o f d i s t i n c t l y 
coarse g r i t containing quartz pebbles more than 5 mm. across. 
This pebbly g r i t i s a fea ture o f the lowest beds o f the g r i t 
f ac ies at many places. I n the Tees below the viaduct at Barnard 
Castle i t also occurs, obviously transgresslve on the under lying 
nodular shale, but less than &-mile away there are nothing but t h i n 
sandstones i n the shales at tha t horizon. The basal g r i t , reached 
i n the River Balder, i s also pebbly, though i t s r e l a t i o n to the 
under ly ing s t r a t a cannot be ascertained. Following up the Tees 
from i t s junc t ion w i t h the Balder lower and lower beds are seen 
u n t i l the pebbly g r i t i s again reached and there i s d e f i n i t e evidence 
that i t I s transgress! ve on the beds below. Proof o f t h i s occurs 
j u s t outside the area mapped, I n the l e f t bank o f the r i v e r . At 
the po in t where the Lower Fe l l top Limestone f i r s t appears i t contains 
both the usual limestone bands and has 8* o f shale above i t , below 
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SO' o f pebbly g r i t . Thus the base o f the g r i t i a 26 1 above the 
base o f the Lower Pell"top Limestone. Hal f -a -mi le upstream, the 
g r i t i s about 15* above the Limestone and 300 yards above that i t 
i s r e s t i ng on the basal g r i t t y limestone i t s e l f . At Bggleston 
Bridge, a mi le from the f i r s t -ment ioned outcrop, the disconformity 
has l i f t e d a l i t t l e to expose 5' between the bases o f the pebbly 
g r i t and Lower Fell-top Limestone. Thus . i t i s an i r r e g u l a r d i s -
conformity and may be no more s i g n i f i c a n t than the usual t rans-
gression at the base o f a sandstone or g r i t . 
This pebbly g r i t i s not found on the high ground nor th o f the 
Lower Balder, which i s mainly formed from the t h i ck middle g r i t . 
There seem to be three arenaceous bands i n t h i s pa r t o f the area, 
the lower one a pebbly g r i t , the middle one a very th i ck g r i t , and 
the higher one a sandstone. Up the Tees from the junc t ion o f the 
Siver Balder these three can be dis t inguished, though the two top 
ones merge near Bggleston Bridge. Down the Tees the same three 
bands occur, u n t i l near Barnard Castle they a l l thicken and probably 
the lower two also j o i n together. 
Exposures i n the Elver Balder above the ra i lway are good. 
Above the pebbly g r i t i s a t h i n carbonaceous shale over la in by a 
2* - 3* coal once extensively worked. I t has a closed outcrop 
below Osmond Beck, but upstream i s thrown up again by a f a u l t , 
and extends f o r a mi l e i n a l l . I t then dies down to a coaly shale, 
and a shale 40* t h i c k or more comes i n beneath i t . I n view o f the 
regular nature o f the base o f the over ly ing middle g r i t , t h i s shale 
must be the l a t e r a l equivalent o f the pebbly g r i t whose western 
boundary i s traced on the map. 
The Elver Balder runs down through steep c l i f f s which give 
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almost continuous exposures o f the t h i c k massive middle g r i t . This 
contains much sandstone, p a r t i c u l a r l y i n the upper h a l f , and l i k e 
a l l the Transgression Beds Gr i t s has very var iable current bedding. 
I t also occurs i n Hew Beck and Osmond Beck. I n the l a t t e r a 1 ' 
coal over l ies I t , but t h i s i s not seen anywhere e lse , and ce r t a in ly 
does not occur i n the beck jus t above Yew Sear. 
Baring the b u i l d i n g o f the Hury Reservoir a geological section 
was drawn up f o r the embankment. I t i s not possible to correlate 
i t p rec i se ly , but i t shows very w e l l the extremely var iable nature 
o f the s t ra ta . The o l d surveyors continued a N.N..E. f a u l t , which 
undoubtedly ex i s t s to the south, nor th o f the River Balder f o r 
lUr-mlles. I t can be shown tha t i t does not continue nor th o f the 
reservoirs as i t would cut through the Upper F e l l top Limestone, and 
i t 'probably does not run across the reservoi r . I t i s shown on the 
map as a conjectured f a u l t only and was undoubtedly put i n to 
explain the disappearance o f the g r i t f a d e s to the west. 
Though there i s a t h i n band o f g r i t above Lunedale west o f 
Shields Beck, i t i s not u n t i l Wady Carr (977224) i s reached that the 
g r i t fac iee appears. This i s exposed i n Thaekwood Beck and Holy 
Beck and on the top o f the h i l l nor th o f Grace's Cottage. All 
these g r i t out crops probably run i n t o each other , producing a 
considerable thickness, and they must be the equivalent of the 
middle g r i t o f the Balder and Tees. Confirmation o f t h i s i s 
obtained from the occurrence o f a coal seam at Wady Carr i n the 
shale beneath the g r i t . This may extend as f a r as Shields Beck, 
where there are also o l d coal d r i f t s under the G r i t o f Toddyshaw 
H i l l . I n add i t i on , a bore hole on Buck H i l l (995204) penetrated 
1* o f " f o u l coal* at 610* O.D. and a coal also appears i n the Tees 
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below the middle g r i t . Thus there i s an extensive horizon o f coal 
development below t h i s middle g r i t , though i t must not be supposed 
that the coal i s continuous. Furthermore i t i s evident tha t the 
pebbly g r i t seen i n the Tees does not extend as f a r west as Wady 
Carr. 
( v l ) Goalcleugh Marine Beds. On the Alston Block above the 
Ooalcleugh Goal t h i n shales w i t h marine f o s s i l s , the Ooalcleugh 
Marine Beds, are developed. These also occur above the mixed f a d e s 
o f the Coaleleugh Transgression Beds i n t h i s area, though t h e i r out-
crop i s sporadic. 
The marine band i s best seen i n Bunder Beck and i t s t r i b u t a r i e s . 
I n M awn an Bike, a few f e e t above the top o f the ganis ter , there i s 
an ironstone showing very good cone-in-cone s t ructure and containing 
some f o s s i l s . I t i s composed o f quartz fragments, cemented by 
a r ike r i t e , o f t e n ra ther muddy. This band i s l e n t i c u l a r , varying 
from 0* - 2 ' t h i c k , and i t can be traced f o r some distance down the 
l e f t bank o f the stream in to Bunder Beck u n t i l i t d e f i n i t e l y over-
l i e s the var iable carbonaceous rocks o f the mixed f a d e s . Below 
the ironstone there i s also a dark calcareous sandstone w i t h a few 
f o s s i l fragments. A s imi la r rook i s found i n Upper Hunder Beck 
(912164), here a pale grey f o s s i l i f e r o u s calcareous sandstone. 
Usually, however, a hard ganister w i t h no marine f o s s i l s under-
l i e s the ironstone. The l a t t e r i s more f o s s i l i f e r o u s i n Orawlaw 
Slke, though i t i s rather muddy. I n Goal G i l l . (914160) a calcar-
eous mudstone i s i n the p o s i t i o n o f the i ronstone, i n two bands 6* 
t h i c k , the upper ra ther nodular. Fossi ls and phosphatic pebbles 
occur i n t h i s upper band and a S p i r i f e r was found i n the ove r ly ing 
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modular shale. There I s no sign o f the Coalcleugh Marine Beds i n 
Toke Bike, though they may he f a u l t e d eut , but i t can be fol lowed 
round through S i l l Sike i n t o the Biver Balder. 
By S i l l Sike the cone-in-cone s t ructure can hardly be d i s t i n -
guished though the f o s s i l s and phosphatie pebbles remain. I n the 
River Balder the band i s a l e n t i c u l a r muddy limestone, rather f o s s i l -
i f e r o u s , which may occasionally disappear. I t can be traced as f a r 
as the coal l e v e l opposite West Carai S i l l , beyond which po in t i t dies 
out al together. 
A t h i n ironstone also occurs i n No Name Beck (933210) which, 
by comparison o f the over ly ing rocks, i s undoubtedly at the same 
horizon. I t contains much f o s s i l debr is , besides cone-in-cone 
s t ruc ture , and i s composed mainly o f a n l e r l t e and c a l c i t e w i t h l i t t l e 
c l a s t i e matter . A s i m i l a r rock i s seen i n Soul g i l l , above the mixed 
f a c i e s , though i t s precise p o s i t i o n i s not cer ta in . I t has cone-
in-cone s t ruc ture , phosphatic nodules and many complete S p i r i f e r s . 
I n Rowantree Beck there i s some hard f o s s i l i f e r o u s shale j u s t above 
the mixed f a c i e s , but the exposure i s very poor. 
The Coalcleugh Marine Beds form a very good mapping horizon 
over a l i m i t e d area, though they disappear even w i t h i n that area. 
Without them i t would not have been easy to prove the v a r i a b i l i t y 
o f the Ooalcleugh Transgression Beds. A second outcrop o f i r o n -
stone i n S i l l Sike (921180) was at f i r s t thought to be the same bed. 
I t occurs i n large l e n t i o l e s 2 ' - 3' long i n the shale over ly ing the 
Coalcleugh Marine Beds. However the cone-in-cone s t ruc ture i s much 
less regular; there are no marine f o s s i l s and the composition i s 
more micaceous and carbonaceous, so i t i s probably non-marine. 
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( v i l ) Shale and Sandstone. Above the Ooaleleugh Marine Beds 
there usua l ly are shales, w e l l exposed i n Hunder Beck, where t h e i r 
nodular nature i s apparent. I n Goal G i l l and Upper Hunder Beck a 
coal seam occurs 30T above the Marine Beds. I t i s 1 f t h i ck i n 
Hunder Beck, and 3" i s now seen i n Coal G i l l , but i t must thicken 
very r a p i d l y as i t was once extracted from the opposite side o f the 
g i l l . Above t h i s coal there are shales which gradually become more 
arenaceous, but there may be l e n t i c u l a r sandstone or s i l t stone bands 
i n these shales, reminiscent o f the mixed f a d e s . These are p a r t i c -
u l a r l y we l l seen i n G i l l Sike where a ganlster comes i n between the 
nodular shale and the sandy shale, and also i n Howantre'e Beck where 
there are several bands o f hard s i l t stone among the shales. 
I n the area o f the mixed f a d e s the sandy shales pass up i n t o 
f l aggy sandstones, which become compact. These are the normal 
white massive Yoredale sandstones and they are p a r t i c u l a r l y w e l l 
exposed between the River Balder and Hunder Beck where they were 
once extensively quarried f o r freestone. South o f Hunder Beck the 
on ly outcrops are i n Yoke Sike and on the features on e i ther s ide , 
but here the compact sandstone res ts d i r e c t l y upon nodular shale, 
i n the t r i b u t a r i e s o f the River Balder above the reservoirs the sand-
stone i s i n v a r i a b l y exposed, but i t th ins east o f West Cain! G i l l to 
on ly 3' o f f l aggy sandstone i n Foul Sike G i l l . I n t h i s stream there 
i s another compact sandstone some 20 1 lower. This may be the equi-
valent o f the massive sandstone elsewhere, but i s more l i k e l y to be 
s t h i ck development o f the sandstones and s i l t s tones mentioned above 
tha t occur i n the shale. 
Beneath a l l the exposures o f the Upper Fe l l top Limestone i n the 
Upper Balder the sandstone i s found to have thickened. Outside the 
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beck i t i s not easy t© map, and the o l d surveyors traced i t i n to the 
g r i t f ac i e* . This i s not correct , as i t always maintains i t s normal 
sandstone l i t h o l o g y when found beneath the Upper F e l l top , and en the 
h i l l sides there i s a s i m i l a r sandstone over ly ing the g r i t fades ' . 
South o f the Balder the only exposure o f t h i s sandstone i s i n Red 
0111 where i t l i e s upon 20' o f shale, but on the no r th side i t can 
be fo l lowed more e a s i l y , mainly by the features and loose blocks o f 
sandstone. I t i s exposed i n the g i l l (861173) together w i t h the 
under ly ing sandy shale. 
As the outcrop turns round to the east i t i s l o s t under d r i f t , 
but the upper reaches o f Soul g i l l Beck (&SR£L9Sty reveal s t r a t a whose 
exact p o s i t i o n i s not ce r t a in . The stream runs along the s t r i k e to 
expose the f o l l o w i n g sec t ien : -
F t . Ins . 
Carbonaceous s i l i ceous sandstone * . .* . . . 9 
Shale . 2- 6 
Coal 2 
Shale 5-10 
Carbonaceous s i l i ceous sandstone 3 - 4 
Shale 20 
Sandstone 1 
At f i r s t s ight i t might be supposed that these beds belonged to 
the mixed f a d e s o f the Coalcleugh Transgression Beds, and t h i s i s a 
p o s s i b i l i t y . They resemble them i n many ways, and 150 yards upstream, 
more or less along the s t r i k e , are 20' or more o f t y p i c a l g r i t f a d e s 
and the p o s s i b i l i t y must be considered that t h i s i s the actual 
t r a n s i t i o n between the two f a d e s . For proof the Cosleleugh Marine 
Beds would have to be found and they were n o t , i n spi te o f a thorough 
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search f o r loose pieces. The g r i t f ac ies can he traced on to the 
fea ture formed by Sheep L a i r H i l l and 11 t h o l e g i c a l l y the beds i n 
Soul g i l l are not as var iable i n d e t a i l as the mixed f a d e s , bearing 
a greater resemblance to the over ly ing shales and s i l t s tones o f 
Bowantree Beck which were mentioned above. The Marine Beds are 
therefore believed to under l ie the stream exposures. 
I n Bowantree Beck the t r a n s i t i o n upwards from shale, through 
sandy shale and sandstone f l a g s , to compact sandstone i s shown w e l l , 
and the sandstone band can be fo l lowed eastwards, w i t h occasional 
exposures I n the becks. I t forms the w a t e r f a l l at the head o f No 
Name Beck, where i t over l i es 50' o f shale w i t h t h i n sandstone r i b s . 
North o f the Botany Ridge i t i s not w e l l exposed, but i t can be 
fo l lowed wi th the a id o f features and loose sandstone blocks as f a r 
as the quarry, s t i l l worked, south o f Shields Beck (964221). I t 
contains S4* o f almost continuous sandstone, over la in by a 9 n coal . 
This thickening increases even more to the east i n B a i l H i l l Quarries, 
where the sandstone i s probably about 50* th ick and has become coarse 
and g r i t t y i n places. 
South-eastwards exposures are very poor, though i t must be t h i s 
sandstone that underl ies the d r i f t no r th and south o f Hunderthwaite, 
f o r the middle g r i t appears i n an i n l i e r i n Wllden Beck. Above i t 
are shales and sandy shales over la in by the top sandstone which has 
thinned to i t s usual 5* - 10 ' . I n the Tees i t has thickened and 
coarsened again, but as the band i s traced round on to the south 
side o f the Botany Ridge, the t h i n , f ine -gra ined f a d e s i s maintained 
f o r some way. The normal t r a n s i t i o n from shale to sandstone i s 
seen above the middle g r i t i n the beck below G i l l House (975202), 
but i n the beck above Yew Scar the sandstone appears to have s p l i t 
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i n t o two. I n How S i l l and near New Houses a coarse f a d e s comes I n , 
p a r t i c u l a r l y w e l l developed i n the l a t t e r heck where at leas t 23* o f 
g r i t and coarse sandstone are found. There might have been some 
doubt whether the B a i l H i l l Quarries were r e a l l y i n the top g r i t 
band, as the Upper F e l l top Limestone i s not found i n that pa r t o f 
the area, but the stream exposures on the south side o f the Botany 
Ridge amply confirm t h i s , reveal ing the Upper Pe l l top Limestone dose 
above the g r i t i n How G i l l . 
South o f the Balder, the ghale above the middle g r i t i s over la in 
by a sandstone which becomes coarser to the east, developing g r i t 
bands i n Osmond Beck. This f a d e s i s also seen below Washfold 
Bridge (999170) but westwards t h i s passes i n t o a sandstone, usua l ly 
f l aggy , r a r e l y exposed above the great banks o f shale i n the beck 
south o f Ravock Rigg. Between there and Crawl aw Sike there i s very 
l i t t l e exposure, but the shale i n Buck Sike i s almost ce r t a in ly the 
one below t h i s sandstone. 
This sandstone does not complete the cy d o them f o r the Upper 
F e l l top Limestone never rests d i r e c t l y upon i t . The sandstone may 
have a gaalster top as i n How Beek and How G i l l , i n both o f which 
there i s also a t h i n coal and the 9 H coal above Shields Beck may be 
at the same l e v e l . Sometimes the coal or ganister occurs i n the 
over ly ing shale, as i n Yoke Sike, Bast Garni G i l l and Rowantree Beck, 
where there are two carbonaceous horizons. Normally there are about 
10* o f shale between the compact sandstone top and the Upper F e l l top, 
but t h i s may i n dude sandstone f l a g s as w e l l . 
( v i i l ) Discussion. The l l t h o l o g i c a l resemblance o f the Mirk 
F e l l Ironstones to the Ooalcleugh Marine Beds i n t h i s area I s very 
103. 
noticeable and during the ear ly pa r t o f the mapping they were thought 
to be the same band. The ironstones o f Miekle G i l l were so s imi l a r 
to those o f Mirk F e l l 8 miles away that i t seemed cer ta in that they 
would be traceable over t h i s area. I f the ironstone o f the Coal-
eleugh Marine Beds were the same, then .the mixed f a d e s o f the Ooal-
eleugh Transgression Beds could be correlated w i t h the Mirk F e l l 
Ganister which i t has been suggested (Howell , 1953) passes south i n t o 
the Grasslngton Gr i t s . 
However, there i s l i t t l e l i k e l i h o o d o f t h i s being so. I t would 
mean that the g r i t f a d e s changes l a t e r a l l y i n t o the sandstone under 
the Upper Fe l l top Limestone and there i s no evidence f o r t h i s . I n 
add i t ion , the section i n Rowantree Beck would be d i f f i c u l t to explain 
f o r two separate marine bands are found there, one above and the 
other below the mixed f a d e s . I f the upper band i s the equivalent 
o f the Mirk F e l l Ironstones, w i t h what can the lower one be correlated? 
I t i s qui te separate from the Lower F e l l top Limestone and nothing 
marine has ever been reported from e i t he r the Alston or Askrigg 
Blocks at that horizon. The only other place at which a marine band 
has been found below the mixed f a d e s i n t h i s area i s at Combs, I n 
the River Balder. The explanation must be tha t t h i s lower marine 
band i s an extension o f the Mirk F e l l Ironstones. 
Undoubtedly the l l t h o l o g y has changed more i n the mi le or two 
from Mlckle G i l l than I n the 8 mi les from Mirk F e l l . There i s much 
more t e r r ig inous matter suggesting tha t the borders o f the sea are 
near. This i s confirmed by the absence o f the Mirk F e l l Ironstones 
i n the res t o f the area. 
I t i s i n t e r e s t i n g to not ice tha t the two cyclethems below the 
Mirk F e l l Ironstones on the west o f t h i s area and on Mirk F e l l are 
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almost e n t i r e l y made up o f shale, the only arenaceous bed being the 
r e l a t i v e l y t h i n Mirk P e l l Ganister. I n contrast , the remainder o f 
the area and the Alston Block contain t h i c k sandstones i n both these 
cyclothems. This may govern the extent o f the Mirk F e l l Ironstones 
through d i f f e r e n t i a l compaction, the shale area having sunk f u r t h e r 
than the sandstone area so tha t the sea only invaded the former. 
I f t h i s i s so the compaction d i f fe rence only became noticeable a f t e r 
the. incurs ion o f the Upper Stonesdale Limestone, as t h i s was deposited 
evenly throughout the e n t i r e area. 
The isopachytes drawn on the map to show the thickness o f beds 
from the base o f the Upper Stonesdale to the base o f the Coalcleugh 
Transgression Beds or Transgression Beds Gr i t s are very generalised* 
p a r t l y because the upper l i m i t i s seldom c l e a r l y defined and p a r t l y 
because o f the lack o f exposures. Undoubtedly i f there were more 
informat ion they would be more var ied. There i s , however, a r ea l 
and considerable increase i n thickness towards the west. This i s 
p a r t l y due to the subsidence which enabled the Mirk F e l l Ironstones 
to be deposited, but i s also a measure o f the disconformity at the 
base o f the transgression, though how much i t i s d i f f i c u l t to say. 
The precise p o s i t i o n o f t h i s d isconformity i s con jec tura l . 
Transgressions are seen beneath the pebbly g r i t i n the Tees, and 
beneath the mixed f a d e s i n the centre o f the area. On the Alston 
Block t h i s has been shown by Garruthere (1938) to cut out the Lower 
F e l l top Limestone, and he considered that i t was re la ted to an 
unconformity immediately below the Tanh i l l Gr i t s to the south. 
Ghubb and Hudson (1925), on the other hand, consider the unconformity 
to be lower down, below the Tanh i l l (Eet t lepot ) Coal and Ganister. 
i n t h i s area, apart from the v i s i b l e transgressions, the coal 
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seams o f f e r the only cine. There i s throughout the area one major 
horizon at which coal may be developed, w i t h i n the mixed f ac i e s , and 
also below the middle g r i t o f the g r i t f ac i e s . As already mentioned, 
i t i s found i n the River Balder, at Wady Oarr and Shields Beck, i n 
the River Tees, at the head o f Soul g i l l Beck, and i t also occurs 
east o f the mapped area, being s t i l l worked near Winston, 5 miles 
east o f Barnard Castle. Though one would never suggest tha t t h i s 
i s one seam, f o r i t i s c e r t a in ly discontinuous w i t h i n the present 
area, the horizon may represent a per iod p a r t i c u l a r l y favourable 
to coal format ion, corresponding to the Tanh i l l Coal to the south. 
I f t h i s i s correc t , then Hudson's view that the unconformity, 
admittedly very smal l , underl ies the Ket t l epo t Genister l a the more 
l i k e l y , as there i s no evidence o f the coal having been eroded and 
i t i s seen to ove r l i e a transgresBive group. 
The i sop achy teff ( F i g . 9 ) showing the thickness o f s t r a t a above 
the transgression do approximate as regards d i r e c t i o n w i t h the 
boundaries o f change from mixed to g r i t f a d e s . The th ickes t rocks 
are the arenaceous ones which have not compacted to the same extent 
as the shales. Yet the axis o f leas t thickness i s east o f the 
centre o f the mixed f a d e s area, shown by the outcrop o f the Coal-
cleugh Marine Beds. I t i s suggested these represent a marine 
Incursion over an area l i m i t e d by the amount o f compaction that the 
rocks beneath underwent, and thus r e s t r i c t e d to the ground under la in 
by the t h i n and r e l a t i v e l y shaly mixed f a d e s . The explanation o f 
t h i s s h i f t o f the axis i s tha t subsidence must have been greater i n 
the west during those times to produce an Increase o f shale i n tha t 
d i r e c t i o n , as happened when the Mirk F e l l Beds were deposited. 
Thus the de ta i led sequence o f events above the dlsconformlty may 
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"be as fol lows. In the centre of the area and to the north there 
were deposited the lower ha l f of the mixed f ades and at the sane 
time sandstone or a ganlster were l a i d down to the east and west, 
with a pebbly g r i t coming i n near the eastern boundary. I n th i s 
connection i t i s interesting that the authors of the Mallerstang 
Memoir (p.ISS) considered that a pebbly g r i t underlying the Tanhill 
Goal passed northwards into flagstones. Above these basal beds 
there i s the horizon of coal formation. Then while the mixed 
fades continues i n the eentre, the thick middle g r i t s are deposited 
on the flanks at the same time as the Tanhill Grits i n the south. 
These are followed by a minor period of coal formation, a f te r which 
the mixed f ades i s compacted to a greater extent than the g r i t 
f ades to enable a marine incursion to invade the centre of the 
area and deposit the Ooaloleugh Marine Beds. Final ly S shale to 
sandstone sequence was l d d down over the whole area, the sandstone 
becoming coarser and thicker towards the east. 
( l x ) Summary. 
1) The Upper Stonesdale Limestone of the Askrigg Block i s considered 
to be the equivalent of the Lower Pell top of the Alston Block. 
This correlation i s based mainly on the iden t i f i ca t ion of two 
limestone bands on both sides of the syncline, the lower 
one arenaceous, separated by shale. 
2) The Mirk Fel l Ganiester i s represented by sandstone r ibs i n 
shale, seen only i n Mickle G i l l i n Westmorland. 
5) The Mirk Fel l Ironstones are well developed i n the west, but die 
out eastwards so that they were not deposited over the eastern 
part of the area and have no equivalent on the Alston Block. 
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The strata .above » dlsconformity or transgression show two 
d i f fe ren t l i t ho log ica l f ades ; i n the centre i s the "mixed 
fades" of the Coaleleugh Transgression Beds, correlated with 
the beds of that name on the Alston Block, while i n the 
eastern and western parts of the area there i s a " g r i t f ades" 
called the Transgression Beds Grits , comparable to the 
Tanhill Grits of N.W. Swaledale. I n the eastern part of 
the area three g r i t bands have been distinguished, the two 
lower ones being referred to as the pebbly g r i t and the 
middle g r i t ; i n the western part of the area there i s only 
one g r i t band, considered to be the equivalent of the middle 
g r i t of the east. 
The beds above the transgression rest on lower strata towards 
the east and north, though the i sop achy tee i n Figure 9 
are also a measure of greater deposition below the trans-
gression towards the west. 
The pebbly g r i t of the east, the lower part of the Goalcleugh 
Transgression Beds, and the Kettlepot Ganister are roughly 
contemporaneous and a l l l i e immediately above the trans-
gression, and below the major coal horizon. 
The major coal horizon i s that of the Tanhill Goal to the south 
and the Winston Coal to the east. I t l i e s below the middle 
g r i t of the g r i t facies of th i s area, and wi th in the mixed 
f ades . Coals are exposed i n the fol lowing places:-
Soulgi l l Grain, above a ganister, below the middle g r i t . 
Soulgi l l Beck, within the mixed f ades . 
Upper Baldersdale, from Oombs to West Gaini G i l l , 
wi thin the mixed f ades . 
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Bonder Beck, wi thin the mixed faciee. 
Prom Shields Beck to Wady Carr, below the middle g r i t . 
Lower Baldersdsle, between the pebbly and middle g r i t . 
Back H i l l bore, below the middle g r i t . 
The middle g r i t of the eastern part of the Stainmore Area i s the 
equivalent of the single g r i t band i n the west and the 
Tanhill Grits to the south. These can be roughly correlated 
with the upper ha l f of the mixed f ac i e8 , though deposition 
of the g r i t s may have continued longer i n some places. 
A second horizon of coal development, the Coalcleugh Goal, i s 
very restr ic ted i n occurrence as i t has only been found i n 
Upper Baldersdale above Combs, and i n Black Beck. The coal 
above the middle g r i t i n Lower Baldersdale may be at the 
same horizon. 
The Ooaleleugh Marine Beds have an outcrop restr icted to the 
centre of mixed facies deposition. They have no equivalents 
i n the area of g r i t l l tho logy. 
The top of the cy d o them i s taken at the base of the Upper 
Felltop Limestone which i s correlated with the Hearne Beck 
Limestone of the Askrigg Block. 
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(g) Upper Pell top Oyolothem. 
( i ) general. On the Alston Block the name Upper Pell top has 
long been used f o r the basal limestone of th is cyclothem, though i n 
Westgarth Pbrster's section the equivalent horizon, according to the 
primary survey, was the t >fampM, No. I l l (Dunham 1948, p.45). The 
Alston terminology i s preferred to that of the area to the south as 
there appears to be a l i t t l e doubt as to the correlations of the beds 
above the Tanhill Grits . Chubb and Hudson (1925) describe the Heame 
Beck Limestone of Shunner Pell and correlate i t with one found i n Lad 
G i l l on Arkengarthdale Moor, above the Tanhill Grits. Carruthers 
(1958) distinguishes a second limestone, the Candleseave, above the 
Lad G i l l Limestone, and his section i s also used by Trotter £1952). 
0 arm there' arguments f o r the two limestones are not very convincing. 
They are based mainly on isolated sections and the thickness and 
l l tho logy o f the underlying beds which are extremely variable. On 
the other hand, the authors of the Mallerstang Memoir (1891) mapped 
only one band, the "calcareous bed t t, and i t seems probable that 
Chubb and Hudson's sequence i s correct. 
The beds of th i s cyclothem are well exposed i n the small streams 
running down into Baldersdale and there are occasional outcrops else-
where. Though there i s a great deal of non-marine strata east of 
Ravock fiigg and north of Casset How, the f i r s t complete sequence 
with marine bands i s i n How Beck. West and south west of th i s beck 
d r i f t hides a l l the strata on the south side of. the Balder Reservoirs, 
and the mapping i s conjectural. I n Yoke Sike and i n Bunder Beck 
below Hunder H i l l the lower and upper parts of the cyclothem respect-
ive ly are found, but west of the l a t t e r peat obscures nearly a l l the 
sol id rook. 
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An almost complete section i s exposed i n Balder Be ok, though 
as i t i s broken by a f a u l t i t i s not possible to l i n k the two halves 
together. I n a l l the r ight bank t r ibutar ies of the River Balder 
the Upper Pell top Limestone outcrops and i n Mir G i l l there i s a 
complete section, though much of the deta i l i s hidden by rock debris. 
G i l l Sike contains the las t exposure of Upper Pell top, f o r south of 
i t the horizons have had to be traced without the aid of marine bands. 
North of the Balder exposure i s very bad west of West Caini 
G i l l and a l l the mapping round Oaple Bigg into Rowan tree Beck i s 
conjectural. Bast of West Caini G i l l the Upper Fel l top Limestone 
and the beds immediately above i t are seen i n a l l the becks, though 
i t i s not t i l l the N.W. f a u l t downthrows a l l the strata that the 
higher beds appear. A very good complete section occurs i n How 
G i l l , but beyond i t the marine beds are less easy to f i n d . There 
are some poor exposures i n the beck above Yew Sear and near Bark 
House, but nothing outcrops round the north side of the Botany Ridge 
except a l i t t l e sandstone below Barker H i l l , and some loose pieces 
of Upper Fel l top Limestone at the top of No Name Beck. 
( Upper Fe l l top Limestone. This limestone has an extremely 
characterist ic . l i thology which can be recognized over the entire 
area. Typically i t i s a bluish-grey pure limestone, with impurities 
which produce darker bands. I t i s packed with layers of braehiopods 
and crinoid stems thus increasing i t s banded appearance, par t i cu la r ly 
on the weathered surface, which i s a yellow or orange-brown colour. 
This makes i t very dis t inct ive and easily recognized even where only 
one or two loose blocks are seen. 
I t i s exposed i n Stony Sike (880168), Gross G i l l , and Great 
111. 
Aygi l l Sike to be repeated by a f a u l t i n the l a t t e r and i n Balder 
Beck. i t i s especially foss i l i fe rous i n Stony Sike, weathering a 
much paler colour than usual, and as there i s an increase i n the 
amount of elast ic matter i t i s more crumbly and sp l i t s easily along 
the bedding planes. i n the t r ibutar ies fur ther down the Elver 
Balder i t maintains i t s typical character, though i t i s less well 
exposed. This i s sometimes due to the Nfampedn nature of the rock, 
i n Blea G i l l there were a great many loose blocks of limestone l y i n g 
about, but nothing could be found i n place. However, by digging 
away the bank at the expected horizon f o r some time a sof t very 
foss i l i fe rous shaly rock was exposed about 2' i n from the overlying 
sandstone. This was obviously the same horizon as the limestone. 
The contact of the limestone with the underlying rock i s seldom 
seen and i t i s probable that the typical limestone described above 
does not l i e d i rec t ly on the underlying sandstone. In Balder Beck 
there i s a th in sandy micaceous rock, very foss i l i fe rous at the base, 
with 6 t t of foss i l i fe rous shale separating i t from the normal lime-
stone. JL tough calcareous sandstone with foss i ls , at the top under-
l i e s the limestone i n a t iny beck opposite Combs. 
There i s l i t t l e variat ion i n the l i tho logy of the limestone i n 
Bewantree Beck, West Gaini G i l l or Yoke Sike, but eastwards I t loses 
i t s d is t inc t ive weathered appearance. On the fresh surface i t 
looks the same i n spite of an increase i n c las t ic matter, pa r t i cu la r ly 
quartz and mica. This i s par t i cu la r ly noticeable i n 1 an. exposure 
east of the Tees at Burnley where i t i s a very micaceous rock, but 
the layered nature of the fos s i l s makes i t quite unmistakable. 
At four places i n the area there are at approximately the horizon 
of the Upper Felltop s great number of loose pieces of limestone 
l i s . 
l y i n g around on the surface. One i s i n Red G i l l (875161), another 
below L i t t l e Aygi l l Bogs (891174) and the t h i r d i s i n Mawman Sike 
not f a r above the outcrop of the Coalcleugh Marine Beds. A l l of 
them are similar i n that they occur i n areas where loose limestone 
i s very rare and yet i n a matter of a few square yards more than a 
dozen loose pieces can be found. In view of the constant nature 
of the Upper Fel l top Limestone i t should be easy to say whether they 
represent that horizon or not. However, the l i thology of these 
limestone blocks i s variable. Occasionally a typical Upper Fel l top 
piece i s seen, but generally the rock i s paler, more crystal l ine 
and cr inpidal , though some pieces are darker, even sandy or muddy. 
Fossils are not so common and are more fragmentary, though one or 
two haploid corals have been seen. 
I f the limestone does not come from sol id rock near at hand, 
then either glaeiation or man i s responsible. A glance at the 
pieces shows that they have not been carried by ice as they have 
angular edges except where normal weathering has rounded them 
s l igh t ly and glaciers do not deposit rock selectively. There i s 
no conceivable reason why anyone should have carried limestone up 
to these remote places and there i s quite a covering of s o i l and 
grass' around the individual pieces, though man as an agent must 
remain a poss ib i l i t y . I t seems probable therefore that there i s 
a marine horizon nearby. 
I t i s not the Botany Limestone which l i e s well above th is 
horizon since Shacklesborough, above Mawman Sike, i s composed of 
Botany Gri t . I f i t i s either the Fossil Sandstone or the Lower 
Fel l top Limestone the problem remains as both of these have charact-
e r l s t i e l i tho logles unlike the loose pieces, and i n L i t t l e Aygi l l 
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logs there are genuine outcrops of Upper Pell top Limestone at about 
the same height i n the bank of the Balder less than ^-mile away ©n 
either side. 
Thus, on the assumption that these are not man-made limestone 
dumps, they must represent small pockets i n the otherwise continuous 
Upper Pell top sea i n which variable rather crinoidal limestones 
were formed with occasional corals and some clast ic matter. 
Presumably the limestone i s thicker than elsewhere, but proof of 
this awaits the f ind ing o f a sol id exposure. 
The four th occurrence of th is loose limestone occurs on the 
eastern boundary of the map, in the beck below Washfold Bridge. 
There are many pieces of limestone i n the beck and i n i t s bank 
which are angular and unmarked by ice. Some of them have the 
Upper Pell top l i tho logy though the majori ty do not and these may 
be more than 2* thick. This patch of loose pieces i s less convincing 
than the others as i t could very easily have been carried by ice only 
a short distance either from the Botany Limestone or from one of 
the lower limestones. I n conjunction with the other places, 
however, i t certainly i s a strange coincidence that once again at 
the expected horizon of the Upper Fel l top Limestone there should be 
a similar assortment of loose limestone blocks. 
( i l l ) Shale and Sandstone. This cyclothem i s unusual i n 
having l i t t l e or no shale above the marine band. A few feet do 
occur i n Balder Beck and i n the becks running into the lower Balder, 
but the limestone i s often d i rec t ly overlain by sandy shale grading 
up into flaggy sandstones which may, as i n Mir G i l l , contain bands 
of compact sandstone. . On the whole the strata are rather arenaceous 
i n the west and become more shaly towards the east. 
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Near the top of the sequence there i s always a hard hand of 
compact sandstone which makes a good feature, th in though i t i s , and 
which i s easily mapped. This i s probably the sandstone seen i n 
North G i l l ' , above the road bridge (992176), and i f th i s i s so there 
i s a lens of g r i t i n the shale below, which outcrops by the bridge 
i t s e l f and on the h i l l to the south east. Qorrelations i n th is 
part of the area, however, i re not very certain as the only marine 
rocks are the loose limestone blocks thought to be the Upper Tel l top 
limestone. Between the shale and the compact sandstone there i s a 
2H coal, seen just o f f the map downstream, which i s the only coal 
found i n th i s cycle them. 
The compact sandstone i s picked up again on the south side of 
Baldersdale i n Crook Beck (992186) and i t forms a good feature on 
either side of How Beck, with occasional exposures to the west of 
i t . I n Osmond Beck (988194) there are at least 30' of shale above 
the supposed position of the Upper Fel l top as compared with no more 
than 10* i n How Beck, and there i s a similar increase i n shale near 
G i l l House compared with the beck above Yew Scar, only ^-toile to 
the west. 
The section drawn up f o r Yoke Sike i s extremely arenaceous, 
pa r t i cu la r ly i f i t i s considered i n conjunction with the one f o r 
the top of the cyclethem I n Bunder Beck. Not only i s there no 
real shale above the Upper Fell top, but there i s none below the 
Fossil Sandstone either and the extensive sandstone outcrops at the 
foot of Goal G i l l are no doubt at the same horizon, though there i s 
the pos s ib i l i t y that the fau l t s are wrong and that the sandstones 
should be placed below the Upper Fe l l top Limestone* 
To the east and north of Shackleshorough the compact sandstone 
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outcrops. I t i s rather carbonaceous, pa r t i cu la r ly i n Blea 0111, 
and has flaggy sandstones above i t . West of that beck a shale 
comes i n above the sandstone, becoming 15' thick i n Mir G i l l . 
From the very scanty evidence available th is seems to extend to the 
north west, f o r 6T of shale underlie the Fossil Sandstone near Potter 
Reed (873183) and i n Balder Beck there are 1©' of shale, s l i gh t l y 
flaggy at the top, beneath i t . I t should be possible to jo in up 
the two sections f o r Balder Beck, but the compact sandstone of the 
lower part could not be found beneath the Fossil Sandstone, and the 
l a t t e r could not be found above the compact sandstone, so the 
probabi l i ty i s that there i s an increase i n the thickness of the 
cy d o them here, the shale of the lower section passing into the 
rather variable shales, siltstones and sandstones of the upper one. 
There are many exposures of shales, sandy shales and flaggy 
sandstones i n the north-easterly running wGrains n of P l n k h i l l Moss 
(865178) which have been mapped as part of th is ey d o them. The only 
marine exposure i s the one of Fossil Sandstone mentioned above and 
so the horizon of the non-marine strata i s not certain. Undoubtedly 
the structure i s not as simple as i t seems and more exposures, or 
even features, would B h o w some f a u l t i n g so that the non-marine strata 
exposed may be representatives of the Ooalcleugh Transgression Beds* 
though i t i s doubtful whether they extend so f a r west. 
The old quarries round the side of White H i l l are probably i n 
the compact sandstone, but a l l the sol id rock i s now covered up. 
Below Harker H i l l (952215) there i s some sandstone i n place, but the 
marine top of the cy d o them i s never seen on the north of the Botany 
Ridge. On the south side i t i s found i n many of the streams and i t 
i s apparent that c y d i c deposition i s better developed than elsewhere 
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the strata becoming more arenaceous upwards with the Fossil Sand-
stone l y i n g upon sandstones or ganistore, though a corapaet sand-
stone may s t i l l occur some distance below the top. 
( i v ) Discussion. The Upper Fel l top Limestone undoubtedly 
exists throughout the centre of the area, though owing to weathering 
and the poor exposure of the shale above and below i t i t may not 
always be found. There i s doubt, however, as to i t s extension to 
the west and east. No exposure of i t has been found d i rec t ly above 
the g r i t facies of the Transgression Beds Grits i n the west except 
f o r one loose piece i n the beck (860173). This was well above the 
upper sandstone of the Transgression Beds Grits , and though i t could 
have been carried a short way by glacia l action, i s more l i k e l y to 
have come from a nearby horizon. There i s also the loose lime-
stone already mentioned i n Red G i l l . 
I n the east the exposure of the Upper Felltop Limestone i n How 
Beck i s de f i n i t e l y above the g r i t facies, but beyond th is beck no 
exposure has been found except the one mentioned above at Burnley i n 
County Durham. There i s plenty of opportunity f o r I t to outcrop, 
especially In the l e f t bank of the Tees, though the horizon i s 
usually obscured by scree, but even loose pieces have not been found. 
The probabi l i ty i s therefore that i t does not exis t , having either 
never been deposited or been eroded away. Though the Tees area was 
not mapped i n de t a i l , f o r there i s a great deal of minor f a u l t i n g , 
pa r t i cu la r ly around Shipley, no evidence was found f o r a trans-
gression above the Upper Fel l top Limestone, and, as stated above, 
shale seems to increase towards the east. There i s then the 
p o s s i b i l i t y that the limestone was never deposited, probably due to 
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the d i f f e r e n t i a l compaction undergone lay the g r i t faciee compared 
with the more shaly mixed f ades . This could explain the lack of 
outcrop away from the centre of the area, but i n contrast the so l i t a ry 
outcrop i n Burham occurs only 600 yards away from where the g r i t 
f ade s reaches i t s greatest thickness, unless i t i s that i t thins 
again rapidly east of the River Tees. 
I t i s not possible to relate the limestone pockets to thickening 
i n the underlying beets, since they occur quite spasmodically above 
both the Transgression Beds Grits and above the centre of Coalcleugh 
Transgression Bedfe. They might be considered as a "reef fades" 
comparable to that of the Clitheroe and Craven d i s t r i c t s . Eayner 
(1953, p.246) suggests three fundamental characters f o r the reef 
facies:-
1) Normally poorly foss l l i fe rous calci te mudstone as the dominant 
reek type. 
2) Fauna* of a special reef type, l o c a l l y abundant. 
S) Large masses of rock show l i t t l e or no bedding. 
In these pockets caleite mudstone i s more common than i n the normal 
Upper Pell top Limestone; i t i s less fbs s i l i f e rous , no patches with 
abundant foss i l s having been found, and the rock i s less well bedded 
than the normal type. I t i s not possible to say more than that , 
espedally as a© outcrop of these pockets was found and that the i r 
existence even has not been proved. 
There seems very l i t t l e doubt about the correlations of th i s 
limestone with the areas to the north and south. Bunhatn (1948) states 
that the Upper Pell top Limestone of the Alston Block i s a bluish 
s l i g h t l y erinoidal limestone, i n some sections replaced by an ochre 
or "famped". I t seems then that the l i thology persists northwards, 
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though, as i s seen i n the east of th is area, i t loses i t s d is t inc t ive 
weathering colour. This i s not so to the south where the descrip-
tions of Chubb and Hudson (1925) f o r the Hearne Beck Limestone and 
f o r the one i n Lad G i l l show that the l i tho logy alters very l i t t l e 
i n a distance of more than 15 miles. Indeed a specimen from Hearne 
Beck can only he distinguished from specimens of this area by i t s 
s l i gh t ly more sandy-nature. The layers of fo s s i l s , the alternate 
dark and l i g h t bands i n the fresh specimen, and the orange brown 
weathering are ident ica l . Thus the Upper Fel l top Limestone i n the 
Yoredales of the Alston Block can be traced' south into the Hearne 
Beck Limestone i n the Millstone Grit of the Askrigg Block. 
Above the limestone of Lad G i l l are 50* of shale with crinoid 
stems, followed by a very calcareous g r i t which, as i s shown below, 
i s correlated with the Fossil Sandstone. There i s therefore a 
continuous marine series on Arkengarthdale Moor which was deposited 
while non-marine rocks were being l a i d down i n this area. These 
non-marine rocks continue northwards onto the Alston Block, though 
they may be thinner i n places, such as Hunstanworth (Dunham 1948, 
p. 42). 
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(h) Fossil Sandstone Qycl© there and Botany Limestone. 
(1) General. In the Mallerstang Memoir (1891) a "Fossil 
Gri t" i s mentioned several times as occurring above the calcareous 
band on some of the high f e l l s north of Swaledale. In the present 
area A similar bed was also mapped by the old surveyors, par t i cu la r ly 
on the eastern side, where en the 1-inch map Old Series 103 8.W. i t 
was taken as the base of the Goal Measures. On the Alston Block no 
marine horizon has been named above the Upper Fel l top Limestone, and 
so a name similar to that of the Askrigg Block has been selected, 
the Fossil Sandstone, since i t i s generally a sandstone rather than 
a g r i t . 
The term Botany Limestone fo r the highest marine bed i s so well 
known since Garwood's description of the Botany Beds i n his major 
work of 1912, that i t s use heeds no explanation and the g r i t beneath 
i t has been called the Botany Grit since i t i s exposed so conspic-
uously round the Botany Ridge. 
The outcrop of these beds i s l imi ted to the tops of the f e l l s 
on either side of Baldersdale and to two small downfsuited areas i n 
Bunder Beck and Balder Beck. Exposure i s good, as the two marine 
bands and the g r i t make conspicuous features and several good stream 
sections cut into the softer rooks. Nevertheless on the south side 
of BSfcdersdale glacia l d r i f t makes mapping very d i f f i c u l t , par t icu la r ly 
around the slopes of Goldsborough and on Lamb H i l l , i n spite of a 
very f u l l seetion obtained i n How Beck. 
On the north side of Shacklesborough exposure of the Fossil 
Sandstone i s f a i r l y good, but I t s posit ion to the south i s only 
conjectured from .features. Similarly the ou t l ie r of Oaple Rigg i s 
mapped ent i re ly by features and the occurrence of a single outcrop. 
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I n c o n t r a s t , the mapping o f the Botany Ridge i t s e l f was 
ext remely s t r a i g h t f o r w a r d , f a u l t s be ing e a s i l y t r a c e d , one r u n n i n g 
E»N.E. p roduc ing a r e p e t i t i o n o f the succession. The marine beds, 
however, were n o t found on the n o r t h s ide o f the r i d g e owing to the 
t h i c k cover ing o f pea t . 
( i i ) F o s s i l Sandstone. This i s a coarse sandstone, o c c a s i o n a l l y 
g r i t t y , c o n t a i n i n g f o s s i l f ragments . I t i s u s u a l l y bad ly weathered, 
b u t sometimes c r y s t a l s o f c a l c i t e can be seen i n i t , and i t may be 
o v e r l a i n by a sandy l imes tone . 
One o f the most complete outcrops i s j u s t below the road b r i d g e 
a t West New Houses; i t i s e s s e n t i a l l y a f o e s i l i f e r o u s sandy l imes tone , 
about 4 ' t h i c k , bu t the d e t a i l s are d i f f i c u l t t o a sce r t a in as the 
exposure i s n o t cont inuous . I t i s q u i t e w e l l developed i n B l i n d 
Beck to the west , bu t i n How G i l l to the east i t i s v e r y d i f f i c u l t 
t o f i n d though the re are one o r two loose p i eces . The same i s t r u e 
o f the beck above Bast Thorngar th H i l l (965201) , bu t a s o l i d exposure 
i s seen near Park House (969207). The bed never occurs ou t s ide the 
streams t h i s s ide o f the r e s e r v o i r , bu t as the outcrops o f i t and 
the u n d e r l y i n g Upper Fell- top Limestone bo th occur at constant l e v e l s 
i n the streams there, i s no doubt t h a t the bands more o r l e s s f o l l o w 
the contours and t h a t the N .E . f a u l t west o f Goldsborough does n o t 
cont inue n o r t h o f the r e s e r v o i r s aB shown on the Old Series Geol-
o g i c a l Map. There are no o the r s o l i d exposures on the Botany Ridge , 
b u t one o r two loose p ieces were found i n a graesed-over quar ry 
below White H i l l (912193). 
I n the west , the s i n g l e ou tcrop near Oaple Rigg (874184) i s o f 
i n t e r e s t . Only about l f o f rock i s exposed above 6 1 o f shale and 
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i t i s the normal f o s s i l sandstone at the base. Above i t , however, 
i s a ve ry bad ly weathered marine rock l o o k i n g l i k e a c h e r t y o r 
s i l i c e o u s l imes tone . South o f t h i e the re i s a good exposure i n 
Balder Beck o f a sandstone 5 f t h i c k c o n t a i n i n g s ca t t e r ed f o s s i l s 
and w i t h a l i m e s t o n e , n o t ve ry sandy, on top* I n Hunder Beck the 
outerop extends some way along the heck and i t shows the v a r i a b l e 
na tu re o f the rock f r o m a sandstone, sometimes g r i t t y , w i t h f o s s i l 
f ragments i n t o a sandy l imes tone , l a t e r a l l y as w e l l as v e r t i c a l l y . 
I n p i sees marine f o s s i l s cannot be found a t a l l i n the sandstone. 
A g r i t t y sandstone also occurs i n M i r G i l l and B l e a g i l l Hearne, 
b u t i n How Beck i t i s m a i n l y a sandy l imes tone . The F o s s i l Sand-
stone can also be found i n the Old Quarry at Burble Beck (987188) 
where i t i s at l e a s t 4* t h i c k and i t was around Our rack Rigg t h a t 
the o l d surveyors used i t to t r a c e the base o f the Coal Measures. 
They also mapped i t on the Durham side o f the Tees as " g r i t w i t h 
s h e l l s " f o r i t extends f o r at l e a s t 1^-mi les , broken once o r t w i c e 
by f a u l t s , as an e a s i l y f o l l o w e d h o r i z o n , n o r t h o f Sh ip ley . 
( i l l ) Shale and Sandstone. As the sec t ions show ve ry w e l l , 
the F o s s i l Sandstone i s o v e r l a i n by sha le , nodula r a t the base. 
Th is i s p a r t i c u l a r l y w e l l developed on the south s ide , o f the Botany 
Ridge , f o r i t i s f r e q u e n t l y exposed ou t s ide the ma jo r stream sec t ions 
and also forms l a r g e shale f e a t u r e s , e a s i l y mapped. Undoubtedly 
the s t r a t a are also e s s e n t i a l l y a r g i l l a c e o u s i n the l e s s w e l l 
exposed p a r t s o f the area, as there i s always a considerable t h i c k -
ness o f hidden rock between the Botany G r i t and the F o s s i l Sandstone. 
The shale e i t h e r passes up i n t o Bandy shale o r sandstone r i b s 
s t a r t to en te r the shale . There does n o t seem to be a r e g u l a r 
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increase o f arenaceous ma t t e r ; i n s t e a d the sandstones come i n as 
lenses such as the one seen i n How G i l l . Th i s i s a compact sand-
s tone, 1 '6 M t h i c k at one p o i n t , and y e t i t cannot be found i n the 
oppos i te hank. I n How Beck the re are also l e n t i c u l a r sandstones 
h i g h i n the shales , some r a t h e r calcareous, hu t non-marine. 
Below K e l t o n H i l l there i s a t h i n whi te compact sandstone, o f 
which o n l y 2* are exposed h u t which never the less forms a d i s t i n c t 
f e a t u r e and was once e x t e n s i v e l y q u a r r i e d . I t s h o r i z o n cannot be 
proved as there may be more f a u l t s than are apparent west o f K e l t o n 
H i l l , bu t a t h i n band o f rock o n l y forms a good f e a t u r e i f there i s 
s o f t s t r a t a above and below, and so t h i s i s thought t o be one o f 
these sandstone lenses i n the sha le , dy ing ou t t o the east . A 
s i m i l a r sandstone band, though more f l a g g y and s l i g h t l y calcareous 
occurs about 20 ' above the F o s s i l Sandstone i n Hunder Beck, though 
i t cannot be t r aeed ve ry f a r . 
I n a d d i t i o n t o these lenses o f sandstone the re i s also a t h i c k 
sandstone above the shale which extends the l e n g t h o f the Botany 
Ridge. I t i s sometimes f l a g g y , b u t at New Houses i s seen to be 
compact as w e l l , and i n How G i l l i s 50 ' t h i c k . On Goldsbo rough 
there i s , above the f l a g g y sandstone, 6 ' o f s i l i c e o u s sandstone 
becoming d i s t i n c t l y carbonaceous i n the upper h a l f and w i t h a 
g a n i s t e r t o p . Th i s appears t o be o v e r l a i n by 2 M o f c o a l , which i s 
sometimes seen a t the base o f the o v e r l y i n g g r i t , b u t i t i s considered 
t h a t t h i s coal l i e s above a t r ansg re s s ion which cuts i n t o the top o f 
the sandstone (see below, p . 1 2 4 ) . 
( i v ^ Botany G r i t . Th i s i s a compact o r f a l s e bedded g r i t 
which ou tcrops almost con t inuous ly on the n o r t h , east and south s ides 
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©f the Botany Ridge, and forms o u t l i e r s on K e l t o n H i l l , Shackles-
borough, and Goldsborough. I n a d d i t i o n , an E.-W. f a u l t , downthrows 
sou th , enables i t t o fo rm the cuests o f Hare Crag and also Loup ' s 
H i l l . 
The g r i t i s composed o f rounded o r sub-angular g r a i n s v a r y i n g 
f r o m 0 . 1 to .3 ram. i n d iameter , b u t o c c a s i o n a l l y there are l a r g e r 
pebbles . Quar ts i s the dominant m i n e r a l w i t h f e l d s p a r s I n c l u d i n g 
p l a g l o e l a s e s , o r thoc l a se and m i c r o c l i n e , bu t they have f r e q u e n t l y 
been weathered o u t . The d i r e c t i o n o f d e p o s i t i o n s ! d i p was taken 
wherever p o s s i b l e and 17 readings were ob ta ined . This i s too few 
f o r a s t a t i s t i c a l ana lys i s t o be made, bu t they a l l l i e w i t h i n a 
sec to r f r o m 7 0 ° to 220° and a l l except two between 120° and 2 2 0 ° , so 
i t appears t h a t the cu r ren t d i r e c t i o n was f r o m the n o r t h . 
As the top o f the g r i t i s seldom seen i t i s n o t p o s s i b l e to say 
much about th ickness v a r i a t i o n s , b u t there i s p robab ly an Increase 
towards the south as there i s a 40* f ace o f g r i t i n Oa t ty Crag 
Quarry , and to the eas t , i n T i n k l e r ' s Quarry, the g r i t i s a t l e a s t 
3©' t h i c k . I n a d d i t i o n the f o r m a t i o n o f such an ex tens ive d i p 
s lope as the one between the two q u a r r i e s , w i t h g r i t outcrops a l l 
over i t and no cover o f d r i f t , shows t h a t the th i ckness i s cons id -
e r a b l e . The g r i t can j u s t be f o u n d i n the stream bot tom at How 
Beck and i t i s then up f a u l t e d t w i c e . The f i r s t f a u l t r a i s e s i t 
onto the top o f the stream bank f r o m where i t cont inues eastwards 
to T i n k l e r ' s Quarry. The second and b i g g e r f a u l t produces the two 
o u t l i e r s o f Goldsborough and Bathe Haw. 
The Goldsborough outcrop shows the t r ansg re s s ion a t the base 
o f the g r i t , which i s a* l e a s t 3 0 ' t h i c k and pebb ly near the base. 
Beneath the g r i t t he re i s a c o a l , 2 M t h i c k , which would appear t o 
A. The Botany G r i t l y i n g w i t h a tranBgresalve 
"base on a sandstone (? Grindstone S i l l ) 
above H i l l g i l l Br idge . 
i 
B. Oloser view o f above photograph. 
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be below the t r a n s g r e s s i o n , bu t a t one p lace i t cuts down i n t o the 
u n d e r l y i n g carbonaceous sandstone. I n a d d i t i o n , though i t s ou tcrop 
i s n o t cont inuous , i t i s seen at va r i ous p laces round the mesa, i n 
s p i t e o f the f a c t t h a t the u n d e r l y i n g carbonaceous sandstone appears 
to have an eroded t o p . I t seems, t h e r e f o r e , b e t t e r to consider the 
coal as above the t r ansg res s ion . C o n f i r m a t i o n o f t h i s i s ob ta ined 
f r o m Ca t ty Crag Quarry where a t h i n coal occurs 1* above the base o f 
the g r i t . On the o t h e r f l a t topped h i l l o r "mesa", Shackles-
borough, 20 ' o f g r i t , sometimes p e b b l y , are seen, bu t no sandstone 
and no base to the g r i t . 
However, a t the East Hunder Quarr ies (931190) the base o f the 
g r i t i s d i s t i n c t l y pebb ly , c o n t a i n i n g q u a r t z pebbles up to 1 cm. 
l o n g . I t r e s t s sha rp ly on 4 ' o f sandstone at one p o i n t , w h i l e a 
few yards to the east i t i s u n d e r l a i n by shale and sandstone f l a g s . 
At severa l o the r p laces the g r i t was seen o v e r l y i n g the sandstone. 
I n the Btream n o r t h o f Jenny Quarr ies (952204) and i n How S i l l 
(952215) the base o f the g r i t does n o t appear t r a n s g r e s s l v e , b u t 
i n the Old Quarry near Scaletree P l a n t a t i o n (964210) , at B l i n d Beck 
and a t New Houses there i s a d i s t i n c t break between g r i t and under-
l y i n g sandstone. The t r ansgress lve base o f the g r i t i s p a r t i c u l a r l y 
w e l l seen above New Houses ( E l a t e V) and i t can j u s t be made ou t near 
Scaletree P l a n t a t i o n . 
i n How G i l l the g r i t i s o n l y 2* t h i c k , which i s e x c e p t i o n a l l y 
t h i n . There i s , however, no doubt t h a t t h i s i s the Botany G r i t , as, 
q u i t e apart f r o m the obvious s i m i l a r i t i e s i n the sec t ions shown, 
t h i s bed can be t r a c e d r i g h t a long the south s ide o f the Botany Ridge, 
though ac tua l exposures do n o t occur w i t h i n about £ - m i l e on e i t h e r 
s ide o f the beck* The f e a t u r e i s continuous* however, and the l a c k 
o f exposures near the beek conf i rms t h a t the g r i t has th inned . The 
125. 
t h i n n i n g i s o f ve ry l o e a l e x t e n t , neve r the l e s s , f o r w i t h i n a m i l e 
on e i t h e r s ide there are a t l e a s t 13 f o f g r i t a t JTew Houses, and 
16* a t Scaletree P l a n t a t i o n . 
( v ) Shale. Above the top o f the Botany G r i t come 30* - 40* 
o f beds, m a i n l y sha le , exposed con t inuous ly i n How G i l l . At the 
bot tom here i s a seat e a r t h o f v e r y carbonaceous, micaceous s i l t -
s tone , b u t w i t h no coal observable above i t . Never the less , about 
a m i l e west (943202) there are some o l d d igg ings i n the shale w i t h 
some loose coal and shale on the s u r f a c e , showing t h a t the coal 
does develop to the west . Fu r the r evidence comes f r o m How Beck 
Head where there are 6 H o f coal o r g a n i s t e r , exposed about 9 ' above 
the -top o f the g r i t . 
i n How Beck Head the re i s sandy shale as w e l l as sha le , and " 
one band o f s i l t s tone , and so there may be arenaceous bands i n the 
shale above the Botany G r i t , as w e l l as below i t . This may be 
the exp l ana t i on f o r a t i n y outcrop o f sandstone a t Howgi l l . Grange 
(955204) , which i s about 20 ' - 30 ' above the top o f the g r i t , and 
which cannot be found i n How G i l l i t s e l f 150 yards away. 
( v l ) Botany Limestone and O v e r l y i n g Beds. This marine bed i s 
t h i c k e r and has a h i g h e r p r o p o r t i o n o f pure l imes tone than any seen 
i n t h i s area above the Crow Limestone o f Deepdale. Genera l ly the 
s e r i e s cons i s t s o f a compact pure l i m e s t o n e , f r e q u e n t l y nodula r i n 
appearance, w i t h bands o f f o s s i l i f e r o u s sha les , c o n t a i n i n g t h i n 
i n t e r c a l a t i o n s o f l imes tone . The l imes tone i t s e l f may be s i l i c e o u s , 
muddy, c r i n o i d a i o r sandy, the l i t h o l o g i e s changing r a p i d l y l a t e r a l l y . 
The v a r i a t i o n s i n d e t a i l o f the Botany Limestone can be shown by 
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comparing the seat!on below o f the Sealetree Quarry w i t h the ones 
shown i n F igure 15 f o r New Houses, which was taken f r o m G r e e n h i l l 
Quarry , and How G i l l . 
Ft* I n s . 
Weathered l imes tone , p robab ly compact . . . . . . . . . . 6 0 
Compact l imes tone 2 - 8 
Shale and nodu la r l imes tone 2 6 
Compact l imes tone 6 0 
F o s s i l s are more abundant than i n the lower l imes tones , b u t 
e x t r a c t i o n i s d i f f i c u l t f r o m the compact l imes tone . Corals were 
m a i n l y O l i s i o p h l l l i d t y p e , though one specimen o f A i l i n a r o t l f o r m i e 
was found i n a w a l l above a quar ry . I n a l l respec ts the Botany 
Limestone i s t y p i c a l o f the normal Yoredale Limestones o f the Midd le 
Limestone Group. 
Between the th ree ma jo r ou tcrops mentioned above there are many 
o t h e r exposures o f l imes tone on the h i l l s lopes , bu t as one goes 
west o f G r e e n h i l l Quarry i t i s l e s s easy to f i n d . Ijfc can be seen 
i n Rokehole Sike (939197) , bu t t h i s i s the most w e s t e r l y outcrop 
f o r along Haae lgar th B i g g n o t h i n g bu t a few loose bou lders can be 
found o f the l imes tone i t s e l f . 
£Long the t o p , or. on the n o r t h s ide o f the Botany Ridge, the 
l imes tone should ou tc rop aga in , bu t n o t h i n g i s exposed, and the 
boundaries are drawn i n s imply w i t h the a i d o f f e a t u r e s . Thus the 
l imes tone may t h i n t o the n o r t h as w e l l as t o the west , though the 
l a c k o f exposures could be s imply due t o an increase i n the p r o p o r t i o n 
o f sha le , the t o t a l th ickness o f the marine beds remaining much the 
same. 
C e r t a i n l y the re does n o t appear t o be any . t h i n n i n g towards the 
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south f o r the outcrop a t How Beck Head, though l a r g e l y obscured by 
quarry d e b r i s , shows a t o t a l th ickness o f at l e a s t 20*. Above the 
h ighes t l i m e s t o n e , and r e s t i n g on a t h i n sha le , i s a 2 M band o f 
hard , s i l i c e o u s g r i t c o n t a i n i n g f i s h t e e t h . This i s o v e r l a i n by 
5* o f non-marine f l a g g y sandstone w i t h 2 ' o f coarse f o s s i l i f e r o u s 
sandstone above. I t i s s l i g h t l y ca lcareous , and, on i t s own, 
would be mis taken f o r the F o s s i l Sandstone. However, i t i s c l e a r l y 
seen to r e s t above the Botany Limestone, separated f r o m them by non-
marine beds. 
The E.-W. f a u l t cu ts ou t a l l the o v e r l y i n g s t r a t a so a r e t u r n 
must be made to the Botany Ridge to see i f any th ing s i m i l a r can be 
found . Along Hazel g a r t h R lgg t h i s same f o s s i l g r i t has been t r a c e d 
f o r n e a r l y £ - m i l e j u s t above the expeeted h o r i z o n o f the Botany Lime-
stone. I t has also been Been near Botany Farm at the head o f How 
G i l l (951208) and (952210) . I t i s d o u b t f u l whether the f o s s i l 
sandstone o r g r i t i s here separated f r o m the Botany Limestone i t s e l f 
by non-marine beds. None are exposed and i t may be t h a t they have 
lensed ou t s ince How Beck Head. 
N o t h i n g c l ea r can be d i s t i n g u i s h e d above t h i s f o s s i l g r i t . 
Jus t east o f Botany Farm (956214) there i s a t h i n band, 2* t h i c k , o f 
sandstone. p robab ly the Botany Limestone runs j u s t n o r t h o f t h i s , 
bu t i t i s n o t exposed. West o f H o w g i l l Grange (951202) there i s 
some loose g r i t , and a good f e a t u r e which may be due to an over-
l y i n g g r i t band, b u t the loose p ieces may have come f r o m the Botany 
G r i t exposed above the f a u l t to the n o r t h west. On Haze lga r th 
Rigg the re are some grassed-over q u a r r i e s and some loose sandstone 
above the f o s s i l g r i t . I t t h e r e f o r e appears t h a t arenaceous s t r a t a 
l i e n o t f a r above the Botany Limestone, bu t t h e i r na tu re and h e i g h t 
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above i t are n o t c e r t a i n . 
( v l l ) Discuss ion . There i s no doubt t h a t the F o s s i l Sand-
stone o f t h i s area i s the equ iva l en t o f the F o s s i l G r i t t o the sou th , 
which extends over a v e r y wide area. Chubb and Hudson (1925) 
descr ibe i t f r o m Arkengar thdale Moor and f r o m Shuaner F e l l , though 
i t i s o m i t t e d i n the v e r t i c a l s e c t i o n f o r the l a t t e r . I t has now 
been t r aced i n t o Durham, a d i s tance o f 20 m i l e s , the o n l y d i f f e r e n c e 
i n the adjacent beds b e i n g the i n t r o d u c t i o n o f a wedge o f non-marine 
s t r a t a below the F o s s i l Sandstone I t s e l f , which was mentioned above* 
Dunham (1948, p .42) mentions marine beds ,16' t h i c k 1 1 ' above the 
Upper F e l l top Limestone i n the Boddymoor b o r i n g and i n s h a f t s a t 
Hunstanworth. I t has been found on the sur face as w e l l . No 
d e t a i l s are given o f the l i t h o l o g y bu t the term i n b racke t s "Cookie 
Beds" i s used, and t h i s may r e f e r t o a s h e l l y sandstone. 
C o r r e l a t i o n s o f the Botany G r i t w i t h ou t s ide areas are r a t h e r 
d i f f i c u l t . I n Chubb and Hudson's s e c t i o n f o r Arkengar thdale 200' 
o f s t r a t a are shown between marine beds, and they i n c l u d e the G r i t 
o f Water Crag and two t h i c k sandstones. There i s t h e r e f o r e 
considerable t h i c k e n i n g , p a r t i c u l a r l y o f the arenaceous s t r a t a , t o 
the south . P o s s i b l y the equ iva l en t o f the Botany G r i t i s the G r i t 
o f Water Crag, i n which case the sandstones recorded i n t h i s area 
w i t h i n the shales above and below the g r i t t h i c k e n southwards t o 
f o r m bands 30' t h i c k . 
On the A l s t o n Block shale o v e r l i e s the marine beds w i t h the 
Grindstone S i l l above them (Dunham 1948) . This i s n o r m a l l y & 
f l a g g y sandstone 30 ' - 50 ' t h i c k , b u t may con ta in a l e n s o f coarse 
g r i t . Above i t are the shales w i t h sandstones, which are o v e r l a i n 
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by the F i r s t M i l l s t o n e G r i t o f the o l d surveyors . Th i s i s thought 
to t ransgress onto the beds below. N o t h i n g d e f i n i t e i s known o f 
the marine beds i n the g r i t s bu t i n the Boddymoor bore a t h i c k , 
though p robab ly d i s c o n t i n u o u s , marine s e r i e s i s shown above t h i s 
basal g r i t . On the Durham s ide o f the Tees there are v e r y t h i c k 
f l a g g y and compact sandstones above the F o s s i l Sandstone, w i t h g r i t s 
above them, o v e r l a i n by the Botany Limestone (see below p . I S O ) , 
though t h e i r exact th icknesses would o n l y be ob ta ined by d e t a i l e d 
mapping over a l a r g e area, much d i s sec t ed by f a u l t s . Thus there 
i s a t h i c k e n i n g o f e i t h e r a sandstone l ens i n the shale o r the sand-
stone beneath the Botany G r i t i n an e a s t e r l y d i r e c t i o n . 
The ques t ion i s whether the Botany G r i t i s e q u i v a l e n t t o the 
Grindstone S i l l , o r whether i t i s the F i r s t M i l l s t o n e G r i t o f Durham. 
I t must be remembered t h a t south o f S t a i n drop the basa l M i l l s t o n e 
G r i t as mapped by the o l d surveyors i s the Transgression Beds G r i t . 
Consequently i t i s n o t known w h i c h . o f the succeeding beds i s the 
F i r s t M i l l s t o n e G r i t o f Durham. 
I f the Botany G r i t i s the Grindstone S i l l , then the Botany 
Limestone i n Durham must be cut ou t by the F i r s t M i l l s t o n e G r i t , the 
t r an sg re s s ion p f which l i f t s s u f f i c i e n t l y at Botany t o expose the 
l i m e s t o n e . I f the Botany G r i t i s the F i r s t M i l l s t o n e G r i t , then 
the Grindstone has e i t h e r t h inned o r been p a r t i a l l y removed by the 
t r an sg re s s ion above. Evidence f o r the t r ansgress ive n a t u r e o f the 
Botany G r i t has a l r eady been g i v e n , and, apar t f r o m the l o c a l 
t h i n n i n g i n How G i l l , i t extends over an area o f a t l e a s t 10 square 
m i l e s . I t seems, t h e r e f o r e , t h a t t h i s i s the F i r s t M i l l s t o n e G r i t 
o f Durham, l y i n g unconformably on the Grindstone S i l l . The t r a n s -
gress ion l i f t s a l i t t l e i n How G i l l , and more east o f the Tees t o 
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expose a g rea te r t h i cknes s o f Gr inds tone . Th i s corresponds to the 
Roddymoor bore where the marine s t r a t a above the basa l M i l l s t o n e 
G r i t would become the equ iva l en t o f the Botany Limestone. 
The Botany Limestone can undoubtedly be c o r r e l a t e d w i t h the 
Shunner F e l l Limestone. Not o n l y are the u n d e r l y i n g sec t ions 
almost i d e n t i c a l , b u t above i t i s a g r i t w i t h f o s s i l cas t s , i n d i s t i n -
guishable l i t h o l o g i c a l l y f r o m the f o s s i l g r i t above the Botany Lime-
stone. Chubb and Hudson considered t h a t the marine calcareous sand-
stone o f Arkengar thdale was the same h o r i z o n . I t i s p o s s i b l e , 
however, t h a t i t i s a c t u a l l y the e q u i v a l e n t o f the f o s s i l g r i t above, 
the l imestone i t s e l f n o t be ing present i n the s e c t i o n . 
Northwards, the Botany Limestone presents a problem. I t has 
never been recorded f r o m the A l s t o n B lock , though a marine s e r i e s 
was pene t r a t ed i n the Roddymoor bo re . This may be due to the poor 
q u a l i t y o f exposures a t t h i s h o r i z o n , and c e r t a i n l y t h i s could be 
the e x p l a n a t i o n n o r t h o f S ta indrop . South o f Sta indrop an B.-W. 
f a u l t i s shown on the O l d Series Geolog ica l Map (103 S.W.) , l e t t i n g 
down a wedge o f Yoredales n o r t h o f ex tens ive M i l l s t o n e G r i t ou tc rops . 
There i s no doubt t h a t Yoredales e x i s t , as near the r a i l w a y v i a d u c t 
i n Langley Beck i s a Crag Limestone to Rookhope She l l Bed succession, 
bu t south o f these outerops w i t h t h e i r steep n o r t h e r l y d ip s are two 
exposures o f l imes tone . Assuming, as the map shows, t h a t there are 
no f a u l t s between, the two exposures must' be o f a l imes tone w e l l 
down i n the Midd le Limestone Group. By a s trange coincidence the 
f a u l t l i e s immedia te ly t o the south o f these exposures, w i t h no 
u n d e r l y i n g beds between them and the f a u l t . An examinat ion o f these 
l imes tones shows them t o be compact, s l i g h t l y s i l i c e o u s l imes tones , 
f a i r l y f o s s i l i f e r o u s , and r a t h e r nodu l a r i n appearance. They bear 
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an e x t r a o r d i n a r y resemblance t o the Botany Limestone and are 
complete ly d i s s i m i l a r t o any o f the Upper Limestone Group Lime-
stones seen. There i s no p o s i t i v e evidence f o r a f a u l t t o the 
south o f these l imes tones , the coun t ry b e i n g e x t e n s i v e l y d r i f t -
covered, and a f a u l t could w i t h equal ease be p l aced to the n o r t h . 
I n f a c t , i n o rder t o l i n k t h i s f a u l t w i t h the Lunedale one, o f which 
i t i s an e x t e n s i o n , the o l d surveyors had to i n s e r t an a d d i t i o n a l 
S«S. one. A f u r t h e r p o i n t i s t h a t i t i s most unusual f o r a f a u l t 
t o have the same h o r i z o n o f g r i t on one s i d e , and the same l i m e -
stone on the o t h e r , f o r a d i s t ance o f 2^ -mi l e s . I t seems, there-*-
f o r e , ve ry probable t h a t t h i s i s the Botany Limestone, o v e r l y i n g a 
g r i t which i s exposed j u s t t o the sou th , though i t i s never seen 
d i r e c t l y beneath the l imes tone . 
Thus d e t a i l e d mapping may r e v e a l f u r t h e r exposures o f a marine 
b e d . I n Durham, b u t i t i s u n l i k e l y t h a t i t w i l l be the t h i c k massive 
l imes tone o f the Botany Eidge as the o l d surveyors would n o t have 
missed i t . I t may be t h a t the o v e r l y i n g Second M i l l s t o n e G r i t 
t ransgresses s u f f i c i e n t l y t o remove i t , bu t another p o s s i b i l i t y i s 
t h a t i t was e i t h e r n o t depos i ted o r was l a i d down i n an a t t enua ted 
f o r m . The non-marine s t r a t a above the F o s s i l Sandstone on the 
Botany Ridge are n o t p a r t i c u l a r l y arenaceous compared e i t h e r w i t h 
Afkengar thda le Moor o r w i t h the A l s t o n B lock , though i n f o r m a t i o n i s 
scanty . P o s s i b l y the Botany Ridge and p a r t o f Durham to the eas t 
b e i n g r e l a t i v e l y sha ly were compacted more than ne ighbour ing areas 
so t h a t a t h i c k e r marine s e r i e s cou ld be l a i d down i n t h i s temporary 
t r o u g h than to the n o r t h and sou th . 
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(1) C o r r e l a t i o n s . 
Suggested c o r r e l a t i o n s between Swaledale and A l s t o n are shown 
i n F igure 16. The s ec t i on f o r Swaledale i s made Up f r o m those g iven 
by Chubb and Hudson (1925) and Hudson £ 1 9 4 1 ) . Carru there (1938) 
also g ives a s e c t i o n f o r Nor th West Swaledale and t h i s i s repeated 
by T r o t t e r (1952) . This i s so much a t var iance w i t h Hudson's work 
and w i t h the d e t a i l s g iven i n the M a l l e r s t a n g Memoir t h a t i t has had 
to be ignored . * For the Al s ton Block a ve ry general s e c t i o n has been 
drawn u p , based on the comparative sec t ions o f Dunham (1948) . Some 
d e t a i l has been removed and the t ransgress ions have been emphasised. 
On Stainmore i t was seen t h a t there could be v e r y l i t t l e doubt 
about the equivalence e i t h e r side o f the s y n c l i n e , e i t h e r o f the 
beds below the Crag to Crow Limestone, o r above the Upper F e l l t o p 
Limestone. * 
I n the m i d d l e , however, the c o r r e l a t i o n s o f the marine beds 
were n o t a b s o l u t e l y proved , and a glance at the genera l i sed sec t ions 
on the map might suggest t h a t they were wrong. The more obvious 
conc lus ion to be drawn f r o m these sec t ions i s t h a t they should be 
c o r r e l a t e d as f o l l o w s s -
3 .B. and. Bas t . Wgst. N . B . and Centre. 
. . . . . . . . . . . . . . . ( M i r k F e l l , Lower F e l l top 
( i r o n s t o n e s Limestone. 
Upper Stonesdale (Upper Stonesdale. Rookhope She l l Beds. 
Limestone . . . . . . . . . . . ( 
Lower Stonesdale (Lower Stonesdale. Knucton S h e l l Beds. 
Limestone • • . • • • • • « « • ( 
Crow Limestone Crow . . . . . . . . . . . . Crag Limestone. 
i 
T r o t t e r (1952) suggests a s i m i l a r c o r r e l a t i o n and i t g r e a t l y 
decreases the d i f f e r e n c e s i n th ickness between the west raid the 
o t h e r p a r t e o f the area. I t would also enable one to t r ace the 
G r i t S i l l s i n t o the sandstone below the Upper Stonesdale o f the 
western p a r t o f the area. 
There are on the o the r hand severa l arguments aga ins t i t : -
1) The G r i t ' S i l l s cannot be f o u n d on the A s k r i g g Block so there 
i s no reason why they should n o t disappear w i t h i n t h i s area. 
2) The l i t h o l o g i c a l s i m i l a r i t y o f the Lower P e l l t o p Limestone and 
Upper Stonesdale Limestone throughout t h i s area, 
ft 
3) The i s o l a t e d exposures o f marine beds beneath the Goal cluegh 
Transgression Beds i n Rowantree Beck, e t c . , would have to be 
exp la ined . 
t 
4) The evidence quoted above f o r the disappearance o f the Knucton 
She l l Beds. 
5) The absence o f the top marine band i n the S.B. though a t r a n s -
gress ion cou ld be the e x p l a n a t i o n . 
Hudson (1941) pu t f o r w a r d another c o r r e l a t i o n f o r the Upper 
Yoreda les : -
N o r t h West Swaledale. A l s t o n . 
M i r k F e l l I rons tone Series (Lower P e l l t o p Limestone. 
IRookhope I r o n s t o n e . 
(Rookhope S h e l l Beds. 
M i r k F e l l Ganis ter G r i t S i l l s . 
Stone8dale Limestone Knucton S h e l l Beds. 
Grow Limestone Grag Lime. 
This has the advantage o f l i n k i n g the M i r k F e l l Ganister w i t h 
the G r i t S i l l s , b u t i t does n o t take i n t o account the double na tu re 
o f the Stonesdale Limestone. The evidence o f the western s e c t i o n 
i s q u i t e emphatic t h a t there are two Stonesdale l imestones w i t h a 
few sandstone r i b s i n the shale above to represen t the M i r k F e l i 
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i Ganieter. These two marine bands can hardly be thought to pass 
northwards i n t o the Knuctons, which hare been shown to t h i n south-
wards. I n addition the suggested equivalence of the Mirk F e l l 
Ironstones with the Rookhope Shell Beds, Ironstone, and possibly 
the Lower F e l l top Limestone as well i s most improbable, considering 
the thickness of these beds i n seme parts of the area. 
There i s the p o s s i b i l i t y that the mapping of the north east 
part o f the area i s wrong and that consequently part of the section 
drawn up f o r the north east and centre i s incorrect. There i s no 
doubt about the rother two sections as each marine band i s d e f i n i t e l y 
seen to be above the one below i t . This i s not so on the north side 
of the Botany Ridge and there i s always an element of doubt when 
mapping depends very l a r g e l y on the i n t e r p r e t a t i o n of features. 
The d i f f i c u l t point i s to distinguish the Rookhope Shell Beds from 
the Lower F e l l top Limestone, as i t i s possible that the two marine 
bands found i n the Tees are the two Rookhope Shell Beds and that the 
Lower Felltop Limestone has been cut out there by the transgression 
at the base of the pebbly g r i t of the transgression Beds Orits. 
I n support of t h i s i s the great thickness, with intervening hon-
marine s t r a t a , of the Rookhope Shell Beds i n the Selset Bores and the 
very great variations i n thickness of the s t r a t a between the Shell 
Beds and the Lower Felltop Limestone. On the other hand there i s 
the evidence i n Deepdale which points to a s i m i l a r thinning of the 
non-marine strata: eastwards, and the comparative constancy of the 
l i t h o l o g y of the Lower Felltop Limestone. 
F i n a l l y there i s the p o s s i b i l i t y that while the mapping of the 
north east of the area i s correct, the i d e n t i f i c a t i o n of the lime-
stone below the transgression as Lower Felltop i s wrong. I n other 
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words, the Lower P e l l top of Alston may not occur i n t h i s area at 
a l l , having been removed by the transgression above, and the marine 
band thought to be the Lower Pel l top i s the Upper or Main Rookhope 
Shell Bed. ^This would r e s u l t i n the following correlations across 
the synclinew 
North West Swaledale. Alston. 
Lower P e l l top Limestone. 
Mirk P e l l Ironstones Rookhope Ironstone. 
Upper Stonesdale Limestone Main Rookhope Shell Beds. 
Lower Stoneedale Limestone Lower Rookhope Shell Beds. 
Enucton Shell Beds. 
Grow Limestone Grag Limestone. 
This correlation would mean that the transgression removes a 
much greater thickness of beds than h i t h e r t o suspected, as the Lower 
Pe l l top Limestone would be absent from the Stainmore Area and North 
West Swaledale and the Rookhope Ironstone would be absent from the 
centre and east of t h i s area. The sections which Carruthers drew 
up f o r North Teesdale and Swinhope both show a shelly sandstone f o r 
the Rookhope Main Shell Bed with no limestone above i t . The Lower 
Pelltop Limestone, as mapped, of t h i s area has a g r i t t y or sandy base, 
but there i s always a pure limestone above. On l l t h o l o g i c a l grounds, 
therefore, one would be i n c l i n e d to r e j e c t t h i s correlation but the 
only p o s i t i v e evidence against i t w i t h i n t h i s area i s the f i n d i n g of 
an ironstone, thought to be the Rookhope Ironstone, below the mapped 
Lower Pel l top. Nevertheless the evidence i s not conclusive and 
u n t i l the area to the north has been surveyed and the limestone i n 
the Tees at Bggleston Bridge d e f i n i t e l y I d e n t i f i e d t h i s alternative 
correlation must remain a p o s s i b i l i t y . 
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Comparing the present map w*th that of the o l d surveyors, i t 
w i l l be seen that the mapping of the lower s t r a t a i s not very-
d i f f e r e n t . The Pour Fathom, Great, and L i t t l e Limestones presented 
no d i f f i c u l t i e s and much of the Ten Fathom Grit and Crow Limestone 
south of the syneline was mapped i n the same way. Above the Crow 
they did not attempt to correlate the marine bands and seem to have 
considered that there was only one "Felltop" Limestone, though i n 
some places two separate bands (the Lower and Upper Stoneedale 
Limestone of the present work) were mapped. 
. Within the syndine, i n the River Balder and Binder Beck, some 
limestones are marked. Apart from the Botany Limestone these were 
a l l thought to be below the Millstone G r i t , presumably the "Felltop* 
Limestone. These exposures, however, have been shown i n t h i s 
account to include the Rookhope Shell Beds, Lower F e l l top Limestone 
and Ooalcleugh Marine Beds i n Bonder Beck, and the Upper F e l l top and 
Fossil Sandstone i n Balder Beck. No attempt was made to use these 
marine bands f o r correlation purposes and many more exposures were 
overlooked, p a r t i c u l a r l y w i t h i n t h e i r "Millstone G r i t * . 
The r e s u l t was that the well developed g r i t i n the west of the 
area, now thought to be the middle g r i t of the Transgression Beds 
Spits, was traced eastwards i n t o a v a r i e t y of beds. Above Lunedale 
they Joined i t t® what are now called the Coalcleugh Transgression 
Beds of S o u l g i l l and Rowantree Becks. North of Baldersdale they 
continued i t i n t o the sandstone below the Upper F e l l top Limestone 
i n West Garni G i l l . Around Shacklesborough i t was mapped into the 
sandstone below the Fossil Sandstone. 
I n the east of the area the t r a n s i t i o n from g r i t f a d e s to mixed 
facies was explained by f a u l t s downthrowing to the east. The 
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largest of these f a u l t s i s above Lunedaie, east of Shields Beck, 
f o r the Grit S i l l s increase i n thickness at about the same point 
and the old surveyors here included the Grit S i l l s i n t h e i r 
"Millstone G r i t M . This f a u l t , and the one north of Saldersdale 
have now been shown to cut through several marine bands. The one 
west of High Grag cannot be proved to be inco r r e c t , but there i s 
no positive evidence f o r i t . 
The Botany Limestone was placed high i n the Millstone Grit and 
t h i s account agrees with that p o s i t i o n and with a simil a r p o s i t i o n 
f o r the limestone of How Beck Head. The o l d surveyors were, how-
ever, misled by the Fossil Sandstone which has now been shown to be 
below the Botany Limestone. They took i t to be the base of the 
Goal Measures, but only recognised i t south of the Balder i n How 
Beck and around Currack Rigg, and, north of the Balder, on the 
eastern extremity of the Botany Ridge. They did not f i n d i t i n the 
streams running down the south of Botany Ridge, where i t can be seen 
to underlie the Botany Limestone, nor did they recognise i t f u r t h e r 
west. Consequently the E.-W* f a u l t running through How Beck Head 
was shown to downthrow to the north and l e t down a block of Goal 
Measures. This has now been shown to be incorrect and the g r i t of 
Ooldsborough i s correlated with the Botany G r i t and not placed high 
up i n the Goal Measures. 
I n hiB paper of 1938, Carruthers draws up a complete section 
f o r the Lune Valley from the Great Limestone to the Transgression 
Beds Grits i n the western part of the area which he c a l l s the f Q r i t 
of Iron Band* and considers to be the equivalent of the F i r s t M i l l -
stone Grit of Durham. He also includes shorter sections f o r the 
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Botany Ridge and f o r Yawd Sike (How Beck i n t h i s account). The 
st r a t a i n h i s section from the Great to j u s t above the L i t t l e Lime-
stone, taken from the River Lune above Blake House, i s s t r a i g h t -
forward enough, except that the Upper Coal S i l l i s shown rather 
thicker than the f i e l d evidence j u s t i f i e s . 
He continues above the Crag Limestone with a composite section 
from Rowton Sike (Dowcrag Sike) and Spurrig End (Borrowdale Beck). 
The l a t t e r , he states, goes "almost to the f l o o r of the Grit S i l l s " . 
Nothing of the G r i t S i l l s was found i n t h i s beck and i n any ease i t 
contains a nearly perfect section r i g h t up to the Transgression Beds 
Grits. He does show that, the Firestone S i l l was poocrly developed, 
but he did not f i n d the Faraday House Marine Band. An exposure of 
t h i s at Grasshoime Bridge he considered to be the Knucton Shell Beds, 
which are l i t h o l e g i c a l l y very similar. The mapping evidence, which 
was confirmed by the Selset Bores,leaves no doubt that the Shell 
Bed: a t Grasshoime Bridge underlies the Crag Limestone. This i s 
exposed on the surface and was thought by Garruthers to be bands of 
lime plate i n the overlying shale. 
His lime plate i s overlain by the Grit S i l l s and above them i s 
a gap before he continues h i s section from the sequence i n Rowantree 
Beck. He considers the two marine bands below the Goalcleugh 
Transgression Beds to be the Rookhope Shell. Beds, but these are more 
probably the Mirk F e l l Ironstone and Lower Felltop Limestone. The 
shell bed he shows below the lower limestone could not be found, 
but otherwise the recent examination shows a comparable sequence 
especially of the Ooalcleugh Transgression Beds up to the top lime-
stone. This was not exposed when Oarruthers v i s i t e d the area, but 
i t can now be seen and has the l i t h o l o g y of the Upper Felltop 
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Limestone. The exposure of limestone east of Iron Band which he 
considered to be i t s equivalent i s over two miles away and can only 
be the Lower Pelltop. Thus there i s no evidence i n the f i e l d f o r 
placing h i s 'shelly sandstone* and g r i t of I r o n Band above the Upper 
F e l l top Limestone. The former i n c i d e n t a l l y i s not a 'shelly sand-
stone 10 or 12 f e e t t h i c k ' but consists of one or possibly two t h i n 
argillaceous limestones which, as has been shewn above, are probably 
the equivalent o f the Mirk F e l l Ironstones. The g r i t o f Iron Band 
was thought by Garruthers to be the F i r s t Millstone G r i t of Durham, 
but i t cannot be shown to o v e r l i e the Upper Felltop Limestone and 
a l l the f i e l d evidence points to i t s correlation w ith the Coaleleugh 
Transgression Beds. 
With regard to the two sections that Oarruthere shows f o r 
Botany (How G i l t ) and Yawd Sike (How Beck) there cannot be much 
disagreement as regards d e t a i l s , and, as he says, there i s no doubt 
that they pass through equivalent stra t a . However, i t was unfortun-
ate that he chose. How G i l l f o r h i s section as i t i s the one place 
where the Botany Gr i t I s p a r t i c u l a r l y poorly developed and at How 
Beck Head only the top of t h i s g r i t i s seen before i t i s f a u l t e d 
up to reappear on the summit of Goldsborough. The Goldsborough g r i t , 
he considered,- as the F i r s t Millstone Grit of Durham, l y i n g about 
40 fathoms above the Botany Limestone of - the How Beck Head quarry. 
This cannot be so i f , as a l l the evidence shows, the east-west f a u l t 
downthrows south and i f the dip to the north east i s taken into 
account. Proof that the Goldsborough g r i t l i e s only 10 fathoms 
above the Fossil Sandstone comes from the small o u t l i e r of Bathe How 
where one would expect the g r i t to outcrop i f the dip remained constant 
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end which I s very close to the How Beck exposures. 
Oarruthers believed that the Botany Limestone was the Lower 
P e l l top and the underlying Fossil Sandstone and the Upper F e l l top 
Limestone of How G i l l were the Rookhope Shell Beds. As f u r t h e r 
evidence f o r t h i s he claimed to have found the Ooalcleugh Trans-
gression Beds and Marine Beds above the Botany Limestons of How Beck 
Head. The non-marine s t r a t a above the limestone, however, are not 
the variable carbonaceous sandstones of the Ooaleleugh Transgression 
beds, but ordinary sandstone f l a g s , and the she l l y g r i t above does 
not resemble the Ooalcleugh Marine Beds of t h i s area which are 
generally an ironstone or muddy limestone. 
Garruthere ignores the thic k g r i t f a d e s of Lower Baldersdale 
which underlies the Botany and Yard Sike (How Beck) sections, but 
to explain the g r i t s of the Botany Ridge he invokes two large B.N.B. 
f a u l t s which l e t down the F i r s t Millstone Grit of Durham. Precisely 
» 
where they run i s not known but they could only run through substantial 
features and possibly through s o l i d outcrops. On the south west 
side of the ridge the g r i t can be followed r i g h t round to beneath 
the Botany Limestone and Oarruthers s t i l l does not explain the 
occurrence of a continuous g r i t r i g h t along the southern side of the 
Botany Ridge which i s d e f i n i t e l y below the limestone. The recent 
/ 
mapping of the area has shown that the oldLsurveyors were substant-
i a l l y correct and, indeed, the surface exposures are so good that 
there can be very l i t t l e doubt that the Botany Limestone i s well 
up i n the "Millstone G r i t " of Durham. 
On the basis of the correlations which have been put forward 
the s t r a t a of t h i s area can be rel a t e d to Bleat's gonlatite zones. 
There are three horizons i n neighbouring areas where goniatites have 
142. 
been found w i t h i n s t r a t a discussed i n t h i s thesis:-
(1) Mount Pleasant Bore; shales between the Undersett Chert 
and Limes tone; Qirtyoceras ? costatum Rupreeht and 
ether goniatites referable to Qlrtyeoeras-high Pg age. 
(2) Swaledale; Mirk Pell. Ironstones; Orarenoeeras eawlingease-
low Eg. 
(S) Shuxraer Pelll; Shunner P e l l Limestone; Anthracoceras of. 
paudlobum-Bta. 
These occurrences and others i n the Yoredales are described 
by Rayner (1953) • She suggests from the evidence available that 
the base of l i e s between the Undersett and Main Limestones; 
that the top of E^ i s not f a r above the L i t t l e Limestone and the 
top of Eg i s high up i n the Upper Limestone Series. The base o f 
E^ seems f a i r l y c ertain, though Trotter (1952) places i t Just above 
the Scar Limestone. The top o f E 1 lis less e a s i l y defined f o r not 
only are there no r e l i a b l e g o n i a t i t e finds between the Main and the 
Mirk Pell Ironstone but also, as emphasized by Rajmer, there i s 
disagreement as to whether Qravenoceras cowlingense i s E^ or Eg. 
Regarding the top of Eg, i f the Shunner Pell goniatites are accepted 
i t places the Botany Limestone w i t h i n E g and so i t appears that 
a l l the s t r a t a of t h i s area were deposited i n Eumorphoceras times 
except f o r the beds o f P g age below the Main Limestone. 
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(J) Summary. 
(!) Four Fathom Cyclothero. The h i s t o r y of sedimentation i n 
the area mapped begins i n l a t e P g times with the marine incursion 
which deposited the Undersett and Four Fathom Limestones. While 
marine deposition i s continuous i n Swaledale and around Bowes to 
the top of the Undersett Chert, to the north and west a wedge of 
non-marine s t r a t a was l a i d down. Later the sea again advanced to 
deposit the I r o n Post Limestone with which the top of the Undersett 
Chert i s correlated. Above t h i s come more non-marine rocks which 
extend i n t o Swaledale as w e l l . 
(11) Great Cycle them. The Main or Great Limestone of early 
fi^ age i s the thickest limestone i n t h i s area. I t i s doubtful 
whether the coral band known as the Frosterly Marble can be traced 
south of Lunedale, though there i s a similar band near Bowes. The 
Main Chert i s exposed near Bowes (Figure 5 ) , but disappears very 
r a p i d l y to the north and west. The Coal S i l l s Group i s mainly 
MP 
composed of s l i g h t l y transgress!ve non-marine sandstones and shales 
but i r r e g u l a r l y developed marine bands occur w i t h i n the group. 
They show that the area i s marginal to the sea which i n Swaledale 
was depositing continuous marine s t r a t a , w ith occasional incursions 
i n t o Stainmore. 
( i l l ) L i t t l e Oyclothero. The L i t t l e Limestone extends over 
the whole area, as does the Faraday House Marine Band, though t h i s 
may have been removed at some points by transgression at the base 
of the overlying sandstone. The Ten Fathom Gri t can be divided 
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Into two parts by the Faraday House Marine Band, the upper part 
being correlated with the Firestone S i l l of the Alston Block. The 
lower p a r t i s found to pass i n t o a t h i c k sandstone i n Lunedale, 
which i s called the Pattinson S i l l , but i t s r e l a t i onship to the 
Pattinson S i l l of Hun a tan worth i s obscure. Thickness variations 
are greater than i n previous cyclothems, the beds reaching t h e i r 
greatest development i n the centre of the area* 
(Iv) Prow Qyclothem. The Grow Limestone of the Askrigg 
Block i s the equivalent of the Orag Limestone of the Alston Block. 
Above t h i s basal marine band the Knucton Shell Beds and Gr i t S i l l s 
of Alston j u s t reach Lunedale, the l a t t e r becoming very thic k and 
coarse towards the Tees. To the south and west both groups die 
out, the non-marine s t r a t a becoming much thinner and less arenaceous. 
(vV Lower Stonesdale Qyclo them. The Lower Stonesdale Lime-
stone i s thought to be the equivalent of the Rookhope Shell Beds of 
the Alston Block, but the correlations are less certain than f o r the 
previous cyclothems. The thickness reaches a maximum i n the centre 
of the area and decreases to the east and west, p a r t i c u l a r l y towards 
the east. 
( v i ^ Upper Stonesdale Oyclothem. This cyclothem contains 
the l a t e r a l and v e r t i c a l change of l i t h o l o g y from Yoredale facies 
to Millstone G r i t . I n general the cyclothem can be divided by the 
transgression at the base of the mixed facies of the Goalcleugh 
Transgression Beds or the g r i t facies of the Transgression Beds Grits. 
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Below the transgression the Upper Stonesdale Limestone i s considered 
to pass i n t o the Lower Felltop Limestone of the Alston Block:. The 
Mirk FellL Ironstones of l a t e or early B g age only occur i n the 
western part of the area. Above the transgression the coals, 
p a r t i c u l a r l y the Tanhill Coal horizon, are used f o r cor r e l a t i o n , 
though the Goaleleugh Marine Beds are useful over a l i m i t e d area. 
These do not occur on the Askrlgg Block nor over any part of t h i s 
area where the g r i t s are well developed. The Tanhill Grits of 
N.W. Swaledale are considered to he the equivalents of the Coalcleugh 
Transgression Beds of Alston, as suggested by Carruthere (1958), 
but the actual transgression i s believed to be below the Kettlepot 
Ganister and not above i t as he suggested. 
( v i i ) Upper Felltop Oyclothem. The Upper Felltop Limestone 
of the Alston Block has been shown to be the equivalent of the 
Hearae Beck or Lad G i l l Limestone of Swaledale. The s t r a t a above 
t h i s basal limestone are e n t i r e l y marine i n Swaledale, but the over-
l y i n g Fossil Sandstone i s separated from the lower marine band by a 
wedge of non-marine beds i n the present area and on the Alston Block. 
( v i l i ) Fossil .Sandstone Cycle them. The correlations of the 
be*ds above the Fossil Sandstone with Swaledale are very f i r m l y 
based, as the succession on Shunner F e l l and on the Botany Ridge 
are p r a c t i c a l l y i d e n t i c a l . Thus the Fossil G r i t of Swaledale i s 
correlated with the Fossil Sandstone; the Water Crag Gri t and 
the Botany Grit are taken to be equivalent and the Botany Limestone 
with i t s overlying f o s s i l g r i t are the representatives of the 
Shunner F e l l Limestone of l a t e Eg age and i t s overlying g r i t . 
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The t r a c i n g of these beds to the north i s more d i f f i c u l t . I t i s 
probable-, however, that the Fossil Sandstone i s represented by 
marine beds above the Upper F e l l top Limestone and that the Botany 
Grit i s the F i r s t or Basement Millstone Gr^t of Durham which trans-
gresses onto the beds below. I n t h i s area t h i s transgression cuts 
i n t o an underlying sandstone which may be the equivalent of the 
Grindstone S i l l . The Botany Limestone has never been reported 
from the Alston Block, but i t i s considered that a limestone, 
mapped by the o l d surveyors between Staindrop and Eggleeton, i s 
equivalent to the Botany Limestone. 
i 
I I I . STRUCTURE* 
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(a) General. 
The Northern Pennines have been shown by various authors, 
Kendall (1911), Marr (1921) and Versey (1927) to have remained a 
morphological u n i t or stable block Binee early Carboniferous times. 
This u n i t i s bounded on the north, west and south by the Stubllek, 
Pennine, Dent and Graven f a u l t systems, while the eastern boundary 
i s hidden under younger rooks. During Carboniferous times the 
deposits w i t h i n t h i s u n i t were t h i n compared with those i n the 
regions to the nerth and south, and the post-Carboniferous earth 
movements affected i t much less than they did surrounding areas. 
The stable u n i t i s divided by the Stainmore Syncline i n t o a 
northern or Alston Block ( T r o t t e r and Hollingworth 1928) and a 
southern or Askrlgg Block (Hudson 1958). The s t r u c t u r a l h i s t o r y of 
the Alston Block and i t s surrounding areas has been discussed by 
Trotter and Hollingworth ( l o c . c i t . ) , Turner (1927, 1935), Shotton 
(1955) and Bunham (1955, 1948). They are i n broad agreement as to 
the sequence of events which are shown below i n a summary based on 
Bunham (1948, p.7§)r-
(1) Caledonian compression i n a N.W.-S.Ei d i r e c t i o n f o l d i n g the 
Lower- Palaeozoie rocks E.N.E. with the development of E.N.E. 
and W.N.W. cleavage. 
(2) Early Carboniferous movement which progressively u p l i f t e d the 
Alston Block r e l a t i v e to the Northumbrian trough along the 
l i n e s of the Stublick Fault, and corresponding movements on 
the Swindale Beck-Lunedale Pault r e l a t i v e to the Stainmore 
Area, at leas t i n times. Movement may have also taken 
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place along the Crowdundale Fault, but nothing i s known of 
the p o s i t i o n of the western margin of the block except that 
i t must hare been west of the Outer Pennine Fault. 
(J5) Inter-Carboniferous gentle warping of block. 
(4) Hereynlan N.-S. compression producing master j o i n t s on the 
block at 060°-070° and 155°-1S0°; B.-W. folds on the Alston 
Block, the Bewcastle a n t i c l i n e and possibly the Stainmore 
syneline. 
(5) Hereynian tension depressing the Alston Block along normal 
N.N.W. and B.-W. marginal f a u l t s . 
(6) Hercynlan compression E.N.E., producing the thrusts of the Cross 
F e l l i n l l e r , the Burtreeford Disturbance and tear f a u l t s 
north of the Stubliek Fault. The in t r u s i o n of the Whin S i l l 
and related dykes took place at about the same time, though 
t h i s may have been s l i g h t l y l a t e r than the Burtreeford 
Disturbance. 
(7) Rotation o f block r e l a t i v e to adjacent.areas producing tear 
f a u l t s i n the Brampton D i s t r i c t and N.E. f o l d i n g on the block 
at Hunstanworth and elsewhere. 
(8) possibly l a t e Hercynlan gentle domal u p l i f t of block and form-
ation o f conjugate vein-fissures, N.N.W., B.N.E. and B.-W. 
to W.N.W. 
(9) T e r t i a r y i n t r u s i o n of W.N#W. t h o l e i i t e dykes en echelon during 
d i f f e r e n t i a l sideways movement. 
(10) Te r t i a r y u p l i f t and t i l t i n g of the block to the east w i t h major 
movement along the Outer Pennine f a u l t and some movement 
along the Stublick Fault. 
(11) . Small sideways movements i n mineral veins producing post-
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mineralization slickensides. 
The structure of the Askrigg Block has not received the same 
attention, out Turner (1935) states that,.it i s divided i n t o two 
dissimil a r halves, north and south of Wensleydale. The southern 
one i s p r a c t i c a l l y devoid of f a u l t s or folds except i n the south 
eastern part. The northern one, on the other hand, i s traversed by 
a? great number of B.-W. or N.W«-S«E. ore-bearing f a u l t s , some of 
which, to the west, act as tears to the Bent Line. On the northern 
margin of t h i s h a l f of the Askrlgg Block are the Stowgills and 
Middleton Tyas anti c l i n e s . 
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(b) Mffjor Folds. 
The Stalnmere Syneline I s an asyaaraetrical syncline trending 
B.N.B. and p i t c h i n g i n the same d i r e c t i o n , the general structure of 
which has been investigated by means of structure contours (plate I I ) . 
The contours are drawn on the base of the Great Limestone whose 
outcrop i s shown, but a l l the p r i n c i p a l marine bands were used as 
key horizons f o r calculating the elevation of the limestone base, 
those up to and including the Draw Limestone giving figures accurate 
to w i t h i n 50*. Owing to thickness variations the higher ones 
give l e s s accurate f i g u r e s , and f o r the Upper Felltop Limestone and 
above the error may be as much as 100'. 
The syneline i s ' f l a t bottomed' with a trough running along the 
l i n e of the River Balder i n an E.N.E. d i r e c t i o n , forming a b e l t one 
mile wide of beds dipping extremely ,gently to north of east. I n 
Teesdale there i s evidence that the trend of the trough swings round 
u n t i l i t runs due east. To the north of the axial trough the beds 
r i s e at the average rate of 500' per mile, gently at f i r s t but 
becoming steeper, u n t i l the gradient i s about 800' per mile. To 
the south the average r i s e i s about 500* per mile, but t h i s more 
gradual gradient i s p a r t l y due to the l e v e l l i n g out of the beds 
towards the top of t h i s limb and p a r t l y to the E.-W. Bunder Beck 
Fault which repeats the outcrop. Over a l i m i t e d distance the dip 
i s as steep on the south of the syncline as i t i s on the north. 
The amplitude o f the syncline i s about 900' on the south but 
much greater on the north. From the accompanying structure map i t 
i s seen to be at least 1200', but i f the s t r a t a below the Four Fathom 
Limestone had been mapped the contours would r i s e to over 2000' both 
west and east of Gocklake Side, so that the maximum amplitude would 
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be about 1600*, as estimated by Dunham (1948, p . 63) . 
East o f the area mapped i t i s not easy to f o l l o w the syncl ine. 
I t I s s t i l l apparent i n the Tees, though i t i s broader and shallower, 
and the southern l imb can be fo l lowed down the Tees below Barnard 
Gas t i e , i t s d i r e c t i o n swinging to the E.S.B. u n t i l i t forms the 
northern l imb o f the Hiddleton Tyas A n t i c l i n e . The northern l imb 
i s less easy to t race. I t can c e r t a i n l y be found on the Durham side 
o f the Tees but a f t e r a mi le or two the regular southerly dip dies 
out . There are occasional small f l exures w i t h a southerly dip 
beyond, but the s t r a t a generally d ip f a i r l y steeply to the nor th or 
no r th east. 
North o f the syncline the contours drop down sharply towards 
the Lunedale Fault showing the a n t i c l i n a l s tructures associated w i t h 
t h i s f a u l t which i s discussed below. The half-dome o f the Lunehead 
Mines (Dunham 1948, p . 17) i s also apparent. I t i s i n e f f e c t a nose, 
ss defined by Nevin (1949, p . 4 7 ) , d i rec ted to the 8. 8.E. on s t r a t a 
r i s i n g to the N.N*W. 
South o f the syncline there i s a long asymmetrical a n t i c l i n e 
p i t c h i n g at e i the r end, which appears to have two "highs". The 
eastern one i s not absolutely established as i t i s mainly dependent 
upon the i d e n t i f i c a t i o n o f the limestone at the quarry (982145) as 
the L i t t l e Limestone. However the average p i t c h to the east i s 
about 90' per m i l e , w i t h a steeper but smaller p i t c h to the west. 
South o f the Stainmore Summit Faults the s t ra ta r i s e gent ly south-
wards. 
The p i t c h o f the syncline averages 125* per m i l e , but i s rather 
var iab le . I n the west i t i s as much as 335* to the m i l e , but i t 
becomes gentler towards the east, averaging only 65* per m i l e . 
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Bven here i t i s i r r e g u l a r i n d e t a i l , a l o c a l steepening usua l ly 
being associated w i t h N.W. or N.N-W. f a u l t s downthrown to the east. 
This occurs i n Lunedale south o f the Bink House Faul t , and no r th 
o f the f a u l t i n Sleightholme Beck i n Rove G i l l and on Ravook. 
Along a l i n e j o i n i n g these two b e l t s are two f a u l t s running i n the 
same d i r e c t i o n , both throwing to the N.E. Thus there i s a continuous 
b e l t aeros8 the area, t rending N.W. to N.N.W*, w i t h f a u l t s or 
steepening dips to the N.E. This b e l t f i n i s h e s jus t nor th o f the 
River Lune; i t does not a f f e c t the Great Limestone above the Brough 
to Middle ton-in-Teesdale road. 
On the f l a n k s o f the syncline but not i n the centre there i s 
also an increase o f p i t c h i n the eastern pa r t o f the area. I t i s 
p a r t i c u l a r l y noticeable on Crag H i l l nor th o f Deepdale where the p i t c h 
i s over 100* i n i^a -mi le and there i s also a sudden drop o f a l l the 
beds N»W. o f Romaldkirk, but i t i s uncertain whether t h i s i s due to 
f o l d i n g or f a u l t i n g . 
H iek l ing (1950) has shown tha t the average easter ly dip across 
the Durham Permian i s between 1 i n 35 and 1 i n 60, a f i g u r e which i s 
s im i l a r to a range o f 1 i n 36 to 1 i n 43 f o r the base o f the Permian 
i n Yorkshire. He suggests tha t t h i s general regional dip extends 
both to the east and to the west. I n the Stainmore Area- the general 
pa ra l l e l i sm o f the main drainage towards the east strengthens the 
b e l i e f that i t was also a f fec ted by a s imi l a r Te r t i a ry t i l t . To 
invest igate the possible p re -Te r t i a ry s t ructure a s t ructure contour 
map (Plate I I I ) was constructed a f t e r removing the regional d i p , 
which was assumed to be due east at 100 f t . to the mi le or approximately 
1 i n 50. The true d i r e c t i o n may be s l i g h t l y no r th o f east, as an 
average o f the stream d i rec t ions showed that they trend i n that 
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d i r e c t i o n , but t h i s d i r e c t i o n makes no mater ia l d i f f e rence . The 
f a u l t s have net been a l te red , since, though there i s evidence o f 
movement along them i n Te r t i a ry times, i t i s not possible to estimate 
t h e i r throw p r i o r to the T e r t i a r y u p l i f t . 
The r e s u l t o f B i d d i n g ' s survey was to show that the Durham 
c o a l f i e l d consisted o f shallow domes and basins, w i t h the contours 
t rending east and west. The modif ied s t ruc tu r a l map o f the Stainmore 
Area exh ib i t s an asymmetrical syncl ine, p i t c h i n g very gent ly at 
e i ther end, so that i t i s i n e f f e c t a shallow basin. To the south 
o f t h i s basin are two a n t i c l i n e s , both p i t c h i n g to the west. Thus 
the present p i t c h o f the Stainmore Area to the east may, as w i t h the 
Durham c o a l f i e l d , be e n t i r e l y due to Te r t i a ry movement. 
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( c) Faults and Minor Folds. 
( i ) general. The area mapped i s hounded by the Lunedale 
Fault on the no r th and the Stainmore Summit Fault on the south, 
w i t h i n t h i s area there are a number of B.-W. or E.N.E. f a u l t s , some 
o f which extend f o r more than 5 mi les , and crossing them or branch-
ing o f f them are many N«W. or W.N*W* f a u l t s . 
An attempt was made to analyse the f a u l t d i rec t ions by 
constructing histograms to show the length i n miles o f the f a u l t s , 
at 5° i n t e r v a l s . A l l the f a u l t s shown on the map are included 
except f o r those 8.8.W. o f the Stainmore Summit Fault and the 
Lunedale Faul t . Faults w i t h a throw o f less than 10 f t . are 
excluded and those which are conjectured (shown by broken l i n e s ) 
have t h e i r distance halved, so that the cer ta in f a u l t s have more 
e f f e c t i n the analysis. 
Peaks are seen i n N . E . , E.N.E., E.-W, W.N.W. and N.W. d i r ec t ions , 
there being r e l a t i v e l y few f a u l t s e i ther side o f a N.-S. l i n e , but 
otherwise not a great deal can be obtained from the f i g u r e . The 
area was therefore divided i n t o two par t s , a western h a l f containing 
aLl those f a u l t s which can be l i n k e d w i t h the Dent Line and inc lud ing 
the whole o f the Lunehead Mines, and an eastern h a l f containing the 
remaining f a u l t s . 
(11} Eastern Faul ts . Two dominant trends now remain i n the 
histogram f o r the east o f the area. They are N.W. and B.N^E.-B. 
There i s a smaller peak f o r W.N.W., but t h i s i s almost e n t i r e l y made 
up o f conjectured f a u l t s whose d i rec t ions are very uncer ta in . I t 
i s worth no t ing that the two dominant trends compare very w e l l w i t h 
those shewn by Dunham (1948, p.66) f o r the Alston Block, but tha t 
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t h e i r d i rec t ions hare s h i f t e d between 5° and 10° i n an anticlockwise 
d i r e c t i o n . 
There are three main E.-W. or E.N.E. f a u l t s i n t h i s pa r t o f the 
area, a l l o f which downthrow south. The f i r s t almost traverses the 
length o f the Botany Ridge and though i t i s never seen, i t can be 
i n f e r r e d from the obvious r e p e t i t i o n o f outcrop o f the Botany Lime-
stone and Gr i t that the throw reaches about 120' . The o l d Geolog-
i c a l Survey map shows two separate f a u l t s connected by a short one 
running W.N.W. No evidence f o r t h i s was seen, and an outcrop o f 
f o s s i l shale, thought to be on the horizon o f the Botany Limestone 
i n B u l l h i l l Sike (942198), shows that the eastern po r t i on o f the 
f a u l t runs f u r t h e r no r th than they have placed i t . I t seems, 
therefore , tha t the s t r i k e f a u l t i s continuous. There may s t i l l be 
the short W.N.W. f a u l t because there i s c e r t a i n ly a drop i n l e v e l o f 
the Botany Limestone from Hazel garth Eigg to Rokehole Sike, but as 
t h i s may also be due simply to a steepening of the p i t c h o f the 
syncl ine, the f a u l t has been omitted from the present map. 
The second important E.N.S. f a u l t runs through How Beck Head 
where two branches are seen. The maximum downthrow to the south 
i s over 100*, since the Botany Gr i t o f Goldsborough at about 1250* 
O.D. i s dropped below Yawd Sike which runs at 1150* O.D. Towards 
How Beck Head the. displacement decreases so that the t o t a l e f f e c t o f 
the double f a u l t i s about 60' - 70*. The beds against the f a u l t 
show the drag e f f e c t o f normal f a u l t s . East o f How Beck Head the 
two f a u l t s diverge, the southern one changing i t s throw, f o r the 
Botany G r i t on the no r th o f Loup's H i l l i s some 20* lower than the 
Botany G r i t on the south. 
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The l a s t important B.-W. f a u l t i s the Hunder Beck Faul t . I t 
extends about 4 miles and i s seen i n three places. I t can be found 
i n Hunder Beck I t s e l f where the shale over ly ing the Ooalcleugh Marine 
Beds i s thrown against the Fossi l Sandstone. The beds on e i the r side 
dip away from the f a u l t . At the f o o t o f Goal G i l l and i n Or awl aw 
Sike the dip i s to the n o r t h , though i t i s possible tha t the beds 
on the downthrow side do tu rn up again close to the f a u l t i t s e l f . 
The maximum throw i s about 150*, a f i g u r e which i s almost reached i n 
both Hunder Beck and i n Or awl aw Sike. Westwards i t i s l o s t under 
peat, and to the east i t s pos i t i on i s obscure, but i t probably passes 
south o f the shale exposed i n Luck Sike. There i s evidence that i t 
has more than one branch, as i n the o l d l e v e l (919165) two small 
p a r a l l e l f a u l t s were put on the primary Geological Survey 6-inch map, 
and i n Orawlaw Sike there are two f a u l t s t rending N . E . , the northern 
one down throwing 40' to the 8.E. and the southern one 8* to the N.W. 
The beds dip i n the d i r e c t i o n o f throw i n these cases. 
The other main f a u l t d i r e c t i o n i s N.W., there being three o f these 
a l l down throwing S.W. on the Botany Ridge. Their displacements are 
from west to east 50*, 30' and 80' respec t ive ly , and they have the 
e f f e c t o f cancel l ing out the p i t c h o f the syncline along the Ridge. 
One stops at the E.N.E. Botany Ridge Rault and the other two almost 
c e r t a i n l y cut i t . The mapping o f a l l o f them I s f a i r l y cer ta in except 
tha t the exact p o s i t i o n o f the middle one i s I n places a l i t t l e d o u b t f u l . 
p r a c t i c a l l y a l l the remaining N.W. f a u l t s downthrow to the N.E. 
and are mainly associated w i t h a steep dip i n the same d i r e c t i o n . 
They have been mapped i n most cases to account f o r a considerable 
drop i n l e v e l o f a p a r t i c u l a r bed, and though there i s usua l ly 
corroborating evidence f o r a f a u l t i t i s very d i f f i c u l t to say where 
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the f a u l t i n g begins and ends. 
The most n o r t h e r l y o f these N.W* f a u l t s I s across Lunedale, the 
evidence f o r which i s as f o l l o w s . West o f Sink House the height 
o f the L i t t l e Limestone 1b known, from both surface exposures and a 
bore hole at Turner Holm, to be 200' higher than I t i s h a l f a mi l e 
to the east. At Tamer Holm, a spr ing, which i s reported to steam 
i n cold weather, comes from the s o l i d rook, suggesting that the 
Great Limestone on the nor th or west I s f a u l t e d against e i the r the 
Goal S i l l s ©roup or the shale above the L i t t l e Limestone. F i n a l l y 
at Blnk House the Rookhope Shell Beds, exposed west o f t h e ' f a u l t , 
cannot be found i n the shale to the east and seem to have been 
f a u l t e d down. 
Across Baldersdale j u s t above the reservoirs there i s a s i m i l a r 
f a u l t betrayed by the disappearance o f the s o l i d features so eas i ly 
mapped nor th o f the reservoi rs , by very dis turbed shale i n the banks 
o f the Balder and by the sudden disappearance to the S.W. o f the 
sandstone at Clove Lodge. I n approximately the same d i r e c t i o n a 
t h i r d f a u l t runs across the n o r t h o f Beepdale, i t s p o s i t i o n marked 
by a break i n the features , and by a steep dip i n a l imestone, 
considered to be the Grow, i n the stream i t s e l f . The Limestone 
forms a small a n t i c l i n e , the f a u l t cu t t i ng through the crest o f the 
i 
f o l d . F i n a l l y there i s the small f a u l t which throws down the Great 
Limestone i n the River Greta and i n Sleightholrae Beck. 
I n the south eastern corner o f the map there i s another N.W. 
f a u l t which i s rather con jec tura l , but there i s a considerable drop 
i n l e v e l to the N»S. o f a l l the s t ra ta . I t may ac tua l ly continue 
f u r t h e r to the 8.E. than i s shown, as i n l i n e w i t h i t there i s a 
s imi l a r drop i n l e v e l o f the sandstone below the Undersett Limestone 
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at Robin Hood*s Scar i n the Greta jus t beyond the map. 
Perhaps, the moat i n t e r e s t i n g o f a l l the f a u l t s i n t h i s general 
d i r ec t i on i s one running W.N.W. i n the N»E. comer o f the map. I t 
i s noticeable that there i s a Vf-sry great drop i n l e v e l ©f a l l the 
beds between the f e l l s above the ra i lway and the Tees, s i m i l a r to 
that which i s caused by the Teesdale Faults f u r t h e r up the va l l ey . 
For instance the Lower Fe l l top Limestone drops from 1000' O.D. at 
Wadycarr Sike to 600* i n the Tees i n the distance o f l ^ - m i l e s . 
Undoubtedly there i s a considerable apparent dip to the east and 
t h i s could explain the f a l l i n l e v e l i f i t were not f o r the f a c t 
tha t a l l the s o l i d outcrops end abruptly j u s t above the ra i lway and 
that there i s a feature which looks very l i k e a re-eroded f a u l t 
scarp. I n addi t ion , the most eas ter ly outcrop o f the Gr i t S i l l s 
shows a sudden change o f dip to one o f 22° to the 8. W., which almost 
c e r t a i n l y implies a s t r u c t u r a l disturbance not f a r away. To the 
N*W< the Teessdale Fault l i e s on a d i r e c t l i n e w i t h t h i s f a u l t , but 
to the S.E. no f a u l t down thrown to the N.E. can be traced, though 
there i s one w i t h a 40' throw to the 8»W. w e l l exposed i n the Tees 
i t s e l f . 
The N«JT»E. f a u l t west o f Goldsborough has been mentioned i n the 
s t ra t igraphy section as the o l d surveyors continued i t across the 
Balder and on to the top o f the Botany Ridge, but as has been stated, 
i t would then cat through more than one marine band. Nevertheless 
i t does e x i s t south of the Balder, and shale can be seen against the 
Botany G r i t i n Yawd Sike, near Catty Orag Quarry. I t s p o s i t i o n 
otherwise i s very conjec tura l especial ly at i t s southern end where 
i t s r e l a t i o n w i t h other f a u l t s i s uncer ta in . Another N.E. f a u l t 
crosses the lower Balder. I t s throw, shown by the coal seam below 
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the middle g r i t i s about 50' but i t extends f o r more than a m i l e . 
There are some small f a u l t s nor th o f the Botany Ridge which do 
not need de ta i l ed descr ip t ion , and seme very t i n y ones on the banks 
of the Bury Reservoir which may be caused by surface slumping. I n 
Beepdale there are small ones t rending s l i g h t l y no r th o f east. The 
one at Strand Foot (977154) may be longer than i t appears, as the 
bed© to the no r th o f i t dip steeply away from the f a u l t and the 
exaet l oca t i on as we l l as the d i r e c t i o n o f threw o f the f a u l t were 
d i f f i c u l t to determine. Further up Beepdale the E.-W. f a u l t s above 
Green How downthrow 35* and 50* respect ively , both being exposed i n 
the stream bank:, the l a t t e r as a double f a u l t . 
The i n t e r p r e t a t i o n o f the evidence near Sandy H i l l compares w e l l 
w i t h that o f the o l d surveyors except that an addi t iona l B.N.B. f a u l t 
has been mapped as a r e su l t o f the f i n d i n g o f the L i t t l e Limestone 
i n Glasgow 01131. The e f f e c t o f the other two f a u l t s i s to ra i se up 
the small horat o f Sandy H i l l . 
A s imi l a r p a i r o f f a u l t s occurs i n Bunder Beck b r ing ing up the 
Rookhope Shell Beds. The S.W. branch has been mapped w i t h reason-
able ce r t a in ty , but the one running E.-W. has been drawn through 
d r i f t - c o v e r e d c l i f f s to account f o r the sudden r i s e i n l e v e l o f the 
Lower F e l l top Limestone which i s exposed; to the nor th . There are 
also other f a u l t s i n Hunder Beck and i t s t r i b u t a r i e s , besides the 
main B.-W. Hunder Beck Faul t . The two i n Goal G i l l are ra ther 
uncer ta in as regards throw and d i r e c t i o n , though the southern one 
probably downthrows nor th as the Coaleleugh Marine Beds, seen Just 
upstream, do not appear no r th o f the f a u l t . The long W.N.W. f a u l t 
can be seen i n Hunder Beck where the throw i s only about 12*. To 
the west i t cuts o f f the loose sandstone fea ture o f Slates H i l l , 
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formed "by the sandstone below the Upper F e l l top Limestone, and i n 
Yoke Sike i t cuts out the Oealeleugh Marine Beds and much o f the 
shale above them. 
Compared wi th the o l d survey map, there are a few addi t iona l 
f a u l t s , but many have been removed. Though there are one or two 
small f a u l t s whose existence cannot be proved or disproved, the 
m a j o r i t y o f these a l t e ra t ions can be j u s t i f i e d on s t r a t ig raph lea l 
grounds, the changes being due to a more de ta i led understanding o f 
the s t ra t igraphy than the o l d surveyors possessed. For Instance, 
the f a u l t s on the east o f the area, which they inser ted to explain 
a s i t u a t i o n which has now been shown to be a l a t e r a l change from a 
g r i t to a mixed f a d e s , have already been mentioned i n the s t r a t i -
graphy chapters. S i m i l a r l y , the throw o f the How Beck Head f a u l t 
i n the opposite d i r e c t i o n was due to a misunderstanding o f the 
p o s i t i o n o f the Foss i l Sandstone. The primary surveyors introduced 
a N.E. f a u l t nor th o f Crawl aw Rigg to explain the disappearance o f 
the feature formed by the sandstone o f the Goaleleugh Transgression 
Beds, but as t h i s has now been shown to lens out i n a few yards 
i n Hunder Beck the f a u l t has been omitted from the present map. 
South o f Bowes two small f a u l t s are shown on the o ld map, but no 
evidence f o r them could be found. The drop i n l e v e l o f the tJnder-
se t t Limestone needs only an apparent d ip to the nor th o f less than 
4° and yet dips o f up to 45° can be seen i n the Undersett Chert o f 
Chert G i l l . 
( i l l ) Dent Line Faul ts . The histogram por t ray ing the f a u l t 
d i rec t ions associated w i t h the Dent Line shows that the m a j o r i t y o f 
f a u l t s l i e between N.E. and W.N.W., the important N.W. t rend o f the 
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east o f the area being absent. I f these fatalt d i rec t ions are 
d iv ided f u r t h e r i n t o three par ts the resu l t s are more s i g n i f i c a n t . 
The average trend f o r the Lunehead Mine Faults i s 0 6 0 ° , f o r the 
Borrowdale to Balder Beck Faults 075° and f o r the Stainmore Summit 
Faults 105° . I n other words, there i s a swing i n a clockwise 
d i r e c t i o n from nor th to south. 
The minera l iza t ion o f the Lune Head Mines has been described 
by Dunham (1948, pp.516-318) and much o f the mapping was dependent 
upon Informat ion obtained from h i s Mineral Survey 6M map sheet 
(Yorks. N.R. S S»E.) as i t i s no longer possible to go underground 
owing to s blockage i n the Main Adi t Level . The main e f f e c t o f the 
f a u l t i n g i s to produce two troughs separated by a r e l a t i v e l y up-
l i f t e d block. I n the northern trough Goal S i l l s are l e t down 
between the Great Limestone, but the f a u l t s bounding the trough 
coalesce and a single f a u l t downthrowing south east continues on the 
Yorkshire side o f the county boundary. The northern f a u l t o f the 
southern trough throws about 100* at Deadmangill Bridge and when 
continued i n t o Yorkshire as Wensley Vein s t i l l has a throw o f over 
60' before i t gives o f f numerous branches, a l l o f which are minera l -
ized. The southern f a u l t o f the trough has a throw, calculated by 
Dunham from mining in fo rmat ion , o f 9 6 ' . This i s reduced to 30* 
i n the twin branches o f Cavern Vein, while i n L i t t l e White Vein, 
which i s i n a d i r ec t l i n e w i t h the f a u l t , a throw o f 4 ' 6 M to the 
south i s recorded. The e f f e c t o f these two main f a u l t s i n Dowcrag 
Sike i s to cut out the Goal S i l l s and lower par t o f the L i t t l e Lime-
stone and to repeat the outcrop o f the Firestone S i l l , and Crag Lime-
stone. I n Westmorland there are i n addi t ion two N.N*W« f a u l t s 
throwing west. 
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Much o f the Borrowdale to Balder Beck f a u l t i n g has already been 
described by Turner (1935), and on the whole the present re-survey 
agrees.with Turner's mapping. However, a more de ta i l ed examin-
at ion o f the s t ra t igraphy and the continuation o f the mapping i n t o 
Yorkshire have produced some modi f ica t ions i n the f a u l t pa t t e rn . 
The most important change i s the continuation eastwards o f the 
down-faulted block or graben some distance i n t o Yorkshire. The 
nor th side o f the graben, at the junc t ion o f Blrkbeck G i l l w i t h 
Borrowdale Beck, i s a s ingle f a u l t throwing the Upper Stonesdale 
Limestone against the Grow Limestone. Thus the throw i s about 110' . 
I n a westerly d i r e c t i o n the f a u l t outs through a l l the s t r a t a down 
to the Four Fathom Limestone, though the throw i s reduced. However, 
two branches are given o f f , both throwing to the south so tha t the 
ove ra l l e f f e c t i s much the same. There i s some s l i g h t disagreement 
w i t h Turner as regards the exact pos i t i on o f these two side branches. 
For instance, the present survey showed no grounds f o r throwing down 
the L i t t l e Limestone i n two stages and so both the branch f a u l t s are 
now shown to j o i n w i t h the main f a u l t below t h i s horizon. I n 
add i t ion , the southern branch i s considered to j o i n the main f a u l t 
below the top o f the Lower Coal S i l l , as on Turner's map i t appears 
to pass through the w e l l developed g r i t feature o f the Lower Coal 
S i l l . 
At the junc t ion o f Birkbeck G i l l w i t h Borrowdale Beck, an E.-W. 
f a u l t crosses the E.N.E. f a u l t , the l a t t e r continuing to jus t beyond 
the County Boundary. The mapping o f theBe f a u l t s i s based mainly 
on the t r a c i n g o f the f o s s i l g r i t below the Upper Stone sdale Lime-
stone, but the throw can also been seen to a f f e c t the Transgression 
Beds G r i t . The B.-W. f a u l t i s conjectured through Mi le Rigg Moss, 
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but between Balder Beck, where the Fossi l Sandstone outcrops, and 
Black Beck, where Transgression Beds Gr i t s are exposed, a f a u l t 
must occur throwing south, and t h i s can be continued across Black 
Beck and a short way down the River Balder throwing down the Upper 
Fe l l top Limestone and the Goalcleugh Transgression Beds. The 
Upper Fe l l top Limestone i s not exposed nor th o f the f a u l t though 
i t s pos i t i on i s i n f e r r e d from the underlying non-marine beds. This 
f a i l u r e o f the Upper F e l l top Limestone to outcrop on the nor th side 
o f the f a u l t , and the i r r e g u l a r nature o f the shales and sandstones 
o f the Coalcleugh Transgression Beds, makes the t r ac ing o f the f a u l t 
very d i f f i c u l t , but i t appears to have two branches where i t crosses 
Black Beck, the northern one possibly continuing f u r t h e r than i s 
shown on the map. 
The f a u l t on the southern side o f the graben was shown on 
Turner's map to s t a r t j u s t below Borrowdale Beck, throwing down the 
Four Fathom Limestone to the N.N.W. and continuing through Wham 
Mouth u n t i l i t met a S.S. f a u l t which ran from the nor th side o f the 
graben. No p o s i t i v e evidence could be found f o r t h i s S.B. f a u l t , 
though, un l ike the o l d surveyors who drew a s imi l a r f a u l t s t r a igh t 
through a large fea ture , Turner places i t aeross low l y i n g ground. 
However, the f i n d i n g of the Foss i l Sandstone i n Balder Beck makes 
i t s existence most improbable, as a f a u l t at t h i s poin t would 
necessitate a r e p e t i t i o n of the succession through the Transgression 
Beds Gr i t s between t h i s S.E. f a u l t and the Foss i l Sandstone and 
there i s no evidence that t h i ck g r i t s occur there. This f a u l t has 
therefore now been omitted and i n addi t ion a break i s shown i n 
Turner's continuous f a u l t from Borrowdale Beck to Wham Mouth as, 
when the Great Limestone and i n p a r t i c u l a r the coarse Lower Coal S i l l 
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are fo l lowed below Low Crag in to the beck above Penistone House, they 
can be seen to drop i n l e v e l to the S.E. This makes a f a u l t , down-
throwing n o r t h , improbable nor th o f the beck. Instead a f a u l t has 
been drawn i n south o f the beck which throws up the s t r a ta to the 
south, and t h i s f a u l t can be traced past Longcrag House up i n to the 
Transgression Beds Gr i t s . Near Longcrag House the main f a u l t s t a r t s 
continuing through Wham Mouth i n to Balder Beck. I t s d i r e c t i o n i s 
mainly determined by the mapping o f the Transgression Beds Gr i t s 
but sandstone i s seen to be f a u l t e d against shale at Wham. Beyond 
the County Boundary the Foss i l Sandstone i s found to be downthrown to 
the l e v e l of the Upper F e l l top Limestone, the outcrop o f which i s 
repeated i n Great Ay g i l l SLke. 
There are also some minor f a u l t s i n the Balder Beck area. One 
runs N.W. across the main E.-W. f a u l t i n Balder Beck throwing down 
the Foss i l Sandstone and Upper Fe l l t op Limestone to the S.W. 
Another f a u l t cuts across the outcrop o f Upper Fe l l t op Limestone i n 
Stony Sike probably upthrowing i t to the S.W. Near Red G i l l Moss 
s t h i r d f a u l t throws up the sandstone below the Upper Fe l l top Lime-
stone against a limestone, which, though only loose pieces were found 
i s considered to be the Upper F e l l t o p . 
Near Oumpstone House a smaller graben i s dropped down as 
described by Turner. The northern f a u l t i s mineral ized and extends 
from below the Four Fathom Limestone to above the Crow Limestone, 
but does not appear to l e t down Lower Stonesdale Limestone. The 
southern f a u l t i s shorter, meeting the northern f a u l t before i t 
reaches the L i t t l e Limestone. At i t s western end i t i s cut by a 
N.N.W. f a u l t which throws down the Four Fathom Limestone to the 
west. 
A small f a u l t at SLapestone Bridge downthrows the Four Fathom 
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Limestone to the west but does not penetrate the Great Limestone, 
and near Brown Castle another l a rger f a u l t throws down the whole 
succession from the Great Limestone to above the L i t t l e Limestone 
i n er westerly d i r e c t i o n . Beside the main road the Great Limestone 
i s seen to be at a higher l e v e l on the east side o f the f a u l t than 
the Tumbler Beds on the west, and a s imi l a r drop i n l e v e l occurs to 
the Coal S i l l s feature and the L i t t l e Limestone. This f a u l t has 
been joined to a N,E. f a u l t running p a r a l l e l w i t h Yard 3ike. The 
l a t t e r f a u l t i s less cer ta in as the drop i n l e v e l o f the Ten Fathom 
G r i t towards the N*W. could p a r t l y be explained by the steep dip i n 
that d i r e c t i o n which i s c l ea r ly seen near the Old Quarry (876138). 
I n the S.W. corner o f the map some f a u l t i n g i s shown, but as 
no d i f fe rence was found between Turner's map and descr ip t ion and 
the present survey they w i l l not be discussed and are not included 
i n the s t a t i s t i c a l analysis. However, i t should be mentioned that 
the C la t t e r ing Faul t , seen on the map at Cla t ter ingdike Nook, i s a 
S.E. f a u l t down throwing N.E. and extending i n t o Yorkshire; thus 
forming the south side o f another graben whose northern boundary i s 
the Stainmore Summit Faul t . 
The Stainmore Summit Fault s t a r t s west o f the present map at 
Low Dowgill and can be fo l lowed below 81 apes tone to F a l l i a r d Scar 
where the beds on the down thrown side dip away from the f a u l t . 
400' yards to the E. 8.E. i t runs through the Great Limestone, but the 
beds on the up thrown side dip at 40° away from the f a u l t . This dip 
pers i s t s some distance to the east, i t being seen again i n the 
stream below the Great Limestone quarry on the road where the T u f t 
Sandstone nor th o f the f a u l t dips steeply away from the Tumbler 
Beds on the south. 
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The f a u l t i s again exposed i n the railway cutting on the summit 
©f the pass throwing the f o s s i l sandstone of the Lower Goal S i l l 
against the Great Limestone, hut "beyond The Summit a branch diverges 
towards the S.E* down throwing to the north. The result i s another 
graben. The old Geological Survey map shows the graben extending 
only shout s£ miles,, hut the evidence of the present survey suggests 
that the northern f a u l t s p l i t s into two branches, one of which can 
be followed as far as Sleightholme Beck. Between the County Boundary 
and Aygill Cottages the L i t t l e Limestone and Upper Goal S i l l are well 
exposed i n the headwaters of the River Greta, with the Main Limestone 
on the slopes above on the upthrown side of the f a u l t . Beyond 
Aygill Cottages the tracing of these northern faults i s more d i f f i -
cult, i n the River Greta below Spital High Cottages a carbonaceous 
sandstone which i s probably at the top of the Lower Coal S i l l was 
found quite close to the. Main Limestone suggesting that a f a u l t runs 
between them downthrowing south. I n addition i n the beck (952114) 
there i s a limestone considered to be the marine band above the 
Lower Coal S i l l which dips to the N.W. at 4°. When this dip i s 
projected i t should outcrop near the carbonaceous sandstone. Yet 
the Main Limestone outcrops i n the bed of the River Greta at the 
same level just to the north. Thus the evidence seems f a i r l y 
conclusive for continuing the northern branch of the Stainmore 
Summit Fault i n i t s original direction beyond Aygill Cottages. 
There are, however, two branches of this northern f a u l t . For 
the other one there i s l i t t l e concrete evidence except that beds up 
to the Crow Limestone are exposed to the south of Aygill Cottages 
and i t i s not possible to' explain the occurrence of the marine band 
above the Lower Coal S i l l at the same height dust to the north 
without a f a u l t between them. Beyond the boundary of the map this 
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Lower Pell top Limestone i s downthrown against the Pour Fathom Lime-
stone giving a displacement of about 650* at the bridge, but just 
beyond the map on the Durham side of the River Tees the throw i s 
increased to over 750' for i t appears that the Fossil Sandstone i s 
brought against beds below the Great Limestone. The fo l d structure 
here i s of interest for though the general dip i s towards the south 
or 3.E., near Bggleston Bridge there are two small anticlines, the 
southern one a rather gentle flexure, the northern one very steep, 
and the f a u l t runs through the crest of this steeper anticline. 
The Lunedale Fault zone can be traced into Durham where, i n the 
neighbourhood of F e r r y h i l l , i t i s known as the Butterknowle Fault. 
Hickling (1950) states that'the Butterknowle Fault affects both 
Permian and Goal Measure strata. A consideration of the structural 
maps which accompany his paper shows that the adjacent folding 
esentially consists of two anticlines with the f a u l t downthrowing 
south and running through the intermediate syncline. The form of 
the folding and the displacement direction of the f a u l t are the 
same for both pre-Perm&an and post-Permian movements, though the 
effect of the former was greater. Thus the f i n a l result i s the 
sum of the two movements. 
This, pre-Permian and post-Goal Measure displacement of the 
fa u l t to the south would appear to contradict the general view 
(Dunham 1948, p.75) that the Alston Block was depressed relative to 
surrounding areas i n Hercynian times, at least as regards the 
Lunedale Fault. However, a closer inspection of Hickling's map 
of the pre-Permian structure reveals that though the f a u l t i t s e l f 
throws to the south, the effect of the adjacent folding i s to raise 
the strata towards the south since both of the anticlines have 
169. 
steeper northern limes. Thus the t o t a l result i s to depress the 
strata north of the zone of fau l t i n g and folding. 
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(d) Mineralized Veins. 
Mineralization i n this area i s mainly confined to the Lunehead 
Mines which are described i n detail by Bunhato (1948). He shows 
that the mines contain barite, some wither!te, galena and aragonite. 
No fresh information concerning the mineralization was obtained 
during the present survey i n spite of modifications to the s t r a t i -
graphy made during the mapping. 
Elsewhere, the only mineralized veins are at Gabbish Mine and 
i n Hunder Beck. At Oabblsh Mine several veins containing barite 
and galena were penetrated by adits (Wilson and others, 1922) but 
their exact location could not be fixed from the surface evidence. 
One of the fa u l t s , the Gabbish Vein, i s certainly mineralized and a 
great deal of barits was found i n the stream north of the fa u l t 
which runs N.3. through Longcrag House indicating i t may also be 
mineralized. 
The long B#-W. Hunder Beck Fault i s mineralized for \-a-mile 
west of Goal G i l l and a l i t t l e barite was found at the surface. 
Old levels were made on either side of the mineralized part of this 
f a u l t , but i t i s unlikely that they were successful as no loose ore 
eould be found around their entrances. On the Old Series Geological 
Map 102 S.B* m short vein i s shown trending E.N.E. just north of the 
junction of Goal G i l l with Hunder Beck. No evidence could be found 
of this vein or of any workings at this point and i t was not shown 
on the primary 6 M map. 
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(e) Jointing. 
Though the rocks i n this area are not well enough exposed for 
a real l y satisfactory examination of the j o i n t directions, an 
i 
attempt was made to record the directions of jointing i n the lime-
stones. No j o i n t directions were taken for sandstones or shale as 
they were usually found to curve very rapidly. Exposures of a 
minimum area of 4 square yards were used for the limestones, the 
distance apart of each record being at least 20 yards. 
A l l the j o i n t directions taken were plotted on the structural 
map, using 10° intervals, and they are also shown i n the histogram 
(Figure 17) at 5° Intervals. As the result for the t o t a l showed 
no significant trends, an attempt was made to sub-divide the j o i n t 
records i n the expectation that the dominant trends might change in 
different parts of the area. The result was not very successful, 
no dominant directions occurring i n any of the separate histograms. 
In the Lunedale and Windmore Bad area, however, there i s a tendency 
for the joints to concentrate i n N.N.W* and B.N.E. directions, 
similar to the dominant j o i n t directions found by Dunham (1935) i n 
the Great Limestone of Weardale, but they spread over a much wider 
angle. 
The remaining frequency curves show, three main directions of 
jointing, two at right angles, and the t h i r d approximately bisecting 
the angle between the other two. In the centre of the area the 
directions are N.-8., E.-W. and just west of N.W. In the Crow 
Limestone of Deepdale they are N.W., N.l. with some covering a 
broad angular range around B.-V. In the Greta River, the jo i n t 
directions on the Main Limestone l i e mainly between N.N.E. and N. 
and between N.N.W. and N.W., with a large number around W.N.W. 
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Although nothing very definite was obtained about dominant 
j o i n t directions, i t i s significant that there i s an absence of 
jointing between 010° and 025°. Dunham (1953) following the 
hypothesis of Wager (1931), considered that the j o i n t directions 
are symmetrically disposed about the direction of maximum pressure. 
From the evidence of the E.-W. Bewcastle Anticline which i s also of 
early Hercynian age, he concluded that the general direction of 
pressure was north-south. Thus the absence of joint i n g i n a 
N.N..E. direction, but i t s presence i n a W.N.W. direction confirms 
this opinion. 
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( f ) Discussion. 
Since the strata mapped i n this area l i e almost entirely within 
one zone of the Nsmurian, the structural history of the area can 
only be considered by relating i t to surrounding d i s t r i c t s . The 
sequence of events i n these d i s t r i c t s was given above (p.147). 
During early Carboniferous times the Alston Block was u p l i f t e d 
relative to the surrounding d i s t r i c t s , shown by deposition of 
beds south of the Swindale Beck Fault, while north of i t no beds 
earlier than Sg have been found (Shotton, 1935). This relative 
movement appears to have continued during Sumorphoceras-zone times 
as the t o t a l thickness of strata i s considerably greater than that 
deposited on the Alston Block. This, i s clear from the comparative 
sections for Alston and for this area shown in Figure 16. The 
figure does not bring out the thickness differences between the 
Stainmore Area and the Askrigg Block as the N.W. Swaledale section 
i s very generalized, but Rowell (1953) has produced evidence for a 
similar decrease i n thickness towards the south. 
This conception of the Stainmore Area as a trough between the 
stable blocks of Alston and Askrigg i s further emphasized by the 
absence of any definite direction of joints i n the limestone of this 
area. I t i s true that Wager (1931) was unable to f i n d constant 
jo i n t directions i n the rocks above the massive fades of the Great 
8car Limestone north of the Graven Faults, but Dunham (1933) showed 
quite clearly that the joints run consistently i n the Great Lime-
stone on the Alston Block. I t i s probable, therefore, that while 
the r i g i d mass of the Alston Block was fractured along definite 
planes, the regular jo i n t pattern gradually disappeared i n the more 
flexible Stainmore area, though i n Lunedale the joint directions 
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s t i l l resemble those of the Alston Block, and there i s throughout 
the area a conspicuous lack of joints i n the N.M.B. direction. 
Apart from the formation of master jo i n t s , this JT.-S. compres-
sion had l i t t l e effect on the Alston Block, although some small 
E.--W. folds were produced. In the Stainmore Area an asymmetrical 
basin was formed in the north with an elongated dome i n the south. 
Other B»-W. folds were formed on the Askrigg Block, for example 
along the north side of Upper Swaledale. 
Following the depression of the Alston Block relative to 
surrounding areas, E.N.E. compression produced the thrusts of the 
Cross Fell I n l i e r and the Burtreeford Disturbance. The Cross Fell 
I n l i e r thrusts are believed to be the continuation northwards of the 
disturbances known as the Dent Line (Turner 1955), which i n a 
restricted sense i s a belt of vertical and inverted strata running 
from Wharton F e l l , 7 miles south of Brough, to the Cross Fell I n l i e r . 
West of the present area at Low Powgill beds of the Dent Line are 
so strongly folded that Turner (loc. c i t . ) considered that the r i g i d 
block offered exceptional resistance at this point, which seems to 
imply that the Stainmore Area i s s t i l l part of one of the stable 
blocks. I t i s apparent, however, that the Dent Line has here been 
pushed to i t s most easterly point, and i t i s suggested that the 
Stainmore Area may have moved east relative to the more stable areas 
u n t i l the drag effect of the resistance to the north and south 
prevented any further movement, the inverted strata at Low Dowgill 
being due to the concentration of pressure st th i s point. The 
fau l t s described above as 'Dent Line Faults' acted as tears, as 
Turner says, the i r r e g u l a r i t y of the dips near the faults showing 
that at some time the beds were affected by considerable horizontal 
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stress. 
The case for conceiving the Stainmore Area as a less r i g i d area 
than the Alston Block i s weakened by the absence of any structure of 
the size of the Burtreeford Disturbance. This i s an east-facing 
moncline, probably caused by the same E.-W. compression which 
produced the Dent Line. I t i s possible that the N.N.W. zone of 
folding and faulting downthrowing E.N.E. i n this area i s a similar 
structure. This b e l t , however, does not affect the Great Lime-
stone north of Lunedale and i t appears to be a tension structure, 
the f aults being normal and the folding much more gentle than that 
of the Burtreeford Disturbance. I t s position i s east of the 
Burtreeford Disturbance, though this displacement could be caused 
by a l a t e r a l s h i f t of the Stainmore Area along the Lunedale Fault. 
The age of the eastern faults i s d i f f i c u l t to determine. 
Evidence from the Alston Block suggests that the Whin S i l l shows 
no relation to previous structures except to the Burtreeford Dis-
turbance and the Lunedale Fault. The eastern faults having similar 
trends to those of the Alston Block are probably related to them and 
can therefore be considered as post-Whin S i l l and pre-mineralination. 
In this area the Hunder Beck Fault i s s l i g h t l y mineralized, and 
Dunham (1948) suggests that the mineralization i s probably late 
Hercynian, though the p o s s i b i l i t y of a Tertiary age of the deposits 
(Trotter, 1944) must not be dismissed. No further evidence of the 
age of mineralization was discovered here, but i t i s thought that 
the eastern faults are d i s t i n c t l y earlier than the f i n a l Tertiary 
u p l i f t , for the following reason. 
The most str i k i n g difference between the Dent Line faults and 
the eastern faults i s their relation to the topography. Every gap 
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i n the Westmorland scarp i s d i r e c t l y due to faults i n the solid rock. 
A graben runs along the Lunehead Pass, a single f a u l t continuing 
into Yorkshire; there i s a f a u l t running across the low-lying ground 
of Shot Moss. Both Birkbeok G i l l and Wham contain major faults 
and the Stainmore Summit Fault follows the lowest part of the pass. 
Between these breaks the scarp i s continuous and exposure of rock i s 
so good that i t can be clearly demonstrated that no faults exist. 
The only exception i s Yard Sike which runs down a gap north of 
Beldoo Moss. I t i s possible, however, that the N.E. f a u l t shown on 
the map does continue farther to the N.E., no exposures being visible 
i n that direction. 
In contrast, the eastern faults play a very minor part i n the 
topography. I t i s true that they cause minor breaks i n the features 
but the major topographic outlines of the area are completely 
independent of the faults. There i s not a single stream, even i f 
i t s pre-glacial course i s considered, which i s influenced by the 
faulting. There may be a tendency for the faults to appear more 
i 
frequently i n the streams, but this i s due to better exposure, the 
drift-covered ground between the streams hiding many unmapped faults. 
This difference between the influence of fa u l t i n g on the topo-
graphy i n the two parts of the area may be partly due to the relative 
steepness of the slope overlooking the Eden Valley, the short swift 
streams cutting down more rapidly along the f a u l t lines than the 
more gradual streams to the east. Nevertheless this explanation 
alone i s not entirely satisfactory, mainly because, as Fawcett (1916) 
showed, the passes were formed by eastward flowing streams, the 
headwaters of which were later captured by the steeper ones flowing 
down the scarp. I n post-Trlassic times, (Turner 1955), movement took 
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place along the Dent Line raising the country to the east relative to 
the Eden Valley. This movement i s certainly post-Triassic and 
presumably Tertiary. I t appears that i t also took place along the 
Heroynian tear faults of the present area, producing the series of 
down-faulted blocks already described. The drainage to the west 
concentrated along the freshly made f a u l t lines, as did the easterly 
flowing streams i n the western part' of the area, but i n the centre 
and eastern part a series of parallel consequents appeared, flowing 
in the direction of t i l t of the block and quite unaffected by older 
fa u l t s , whose f a u l t planes had either consolidated or were hidden by 
strata, probably Permian or Mesozoic, which were unaffected by the 
faults. 
Thus the tectonic history of this area begins i n the early part 
of the Lower Carboniferous with movement along the Lunedale Fault 
dropping the Stainmore Area relative to the Alston Block. The N.-B. 
Hercynian compression which followed folded* the area into an elong-
ated basin i n the north with a corresponding shallow dome i n the 
south, the formation of joints being very irregular compared with 
those of the Alston Block. Later pressure i n an E.-W. direction 
produced tear faults diverging from the node of the Dent Line i n a 
fan-wise direction, but produced no folds with a N.-S. axis. 
During late Hercynian or early Tertiary times the faults of the 
eastern part of the area were, formed, to be followed by a regional 
t i l t towards the east along the lines of the Hercynian tear faults 
associated with the Dent Line. 
The evidence of the j o i n t directions and sedimentation suggests 
that the Stainmore Area was less stable than those areas to the 
north and south. I t cannot, nevertheless, be regarded as a trough 
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comparable i n scale with the Bowl and and Northumbrian depressions 
respectively south and north of Marr's Rigid Area. The inversion 
of the beds of the Dent Line at North Stainmore and the absence of 
any folds i n a N.-S. direction suggests that considerable resistance 
was offered to the E.-W. pressure, though this apparent r i g i d i t y 
could be due to the protection provided to the Stainmore Area by 
the two stable blocks on either side. 
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IV. TERTIARY, PLEISTOCENE AND RECENT, 
(a) Pre-Glacial. 
I t has been suggested by Trotter (1928) that the Stainmore Area, 
i n common with the Alston Block, was probably covered by a consider-
able thickness of Meeozoic deposits. These were removed during an 
early Tertiary cycle of erosion which reduced the area to a pene-
plain, and i t was on this peneplain-that the present drainage was 
in i t i a t e d . , The drainage of the Alston Block formed a semi-radial 
pattern, but i n the Stainmore Area a set of parallel flowing streams 
trending just north of east were developed. This difference i n 
drainage pattern i n the two areas may be a reflection of the effect 
of the Tertiary u p l i f t which i n the Stainmore Area was probably a 
simple t i l t to the E.N.E. Trotter also considered that the pene-
plain was directl y connected with the structure and that, therefore, 
the u p l i f t of the Alston Block was later than the formation of the 
peneplain. However, Dunham (1948, pp.64-65) has shown that the 
supposed peneplain (the existence of which he does not consider 
proved) cuts across strata from the Middle Limestone Group to the 
Coal Measures. Therefore, though there may have been movement 
since the peneplain was formed, the doming of the Alston Block was 
earlier than the formation of the peneplain. 
The investigation of this area has shown that the formation 
of the Stainmore Syncline was pre-peneplain, since the form of the 
syncline has l i t t l e connection with the topographical depression 
of Stainmore. The apparent s i m i l a r i t i e s i n the cross section of 
the Great Limestone and the peneplain which Trotter (1928) shows 
across the Stainmore Area are due to an incomplete understanding 
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of the rock structure. 
However, the t i l t to the E.N.E. was evidently l a t e r than the 
peneplain,, as the pre-glacial drainage can he interpreted as a 
series of parallel consequents developed on a peneplained surface 
which had been t i l t e d to the east. 
The courses of the pre-glacial streams are not easy to follow 
i n an area which was l a t e r so extensively covered by glaciers, but 
i t appears that the River Lune, Deepdale and the River Greta s t i l l 
approximately follow their earlier courses. Above the Grassholme 
Reservoir the River Lune may have o r i g i n a l l y followed a course 
south of i t s present position, and below the reservoir i t may have 
run more to the north than i t does now, but no pre-glacial channels 
were seen to prove thi s . 
The River Greta and Deepdale, particularly the former, seem to 
have been so thoroughly eroded by ice that a l l traces of any pre-
glacial channel have been removed. This i s evident from the 
continuous outcrop of solid rock down SLeightholme Beck and across 
the River Greta to Rovegill and Sealgill showing that no pre-glacial 
channel occurs across the valley. 
A pre-glacial channel can be traced below the Hury Reservoir 
i n Baldersdale. I t i s south of the present River Balder and i s 
apparent from thick deposits of boulder clay i n the banks of the 
river just below the reservoir embankment. Below this point the 
present Balder runs through solid rock, but due east, i n How Beck 
and Osmond Beck, there are breaks i n the rock outcrop where only 
d r i f t can be seen, thus showing that there once was a channel, 
running due east, which was later f i l l e d by d r i f t . 
Above the Hury Embankment i t i s not possible to trace the 
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pre-glacial Balder, but as the present river above the reservoir 
runs through c l i f f s of solid rock i t must have been well above the 
level of the present valley. Thus i t does not appear that the 
Balder was a very important stream i n pre-glacial times. A stream 
which was at least of equal strength was one which followed the l i n e 
of the present Hunder Beck. I t s course can be seen in Binder Beck 
i t s e l f just above the junction with M awn an Sike. For about 150 
yards glacial d r i f t forms the walls of the gorge on either side 
of the stream, i n contrast to the cliffife on either side of this 
stretch where over 100 f t . of solid rock are exposed. 
This channel can be followed i n an easterly direction between 
Goldsborough and Yawd Sike, south of How Beck Head and the g r i t of 
Loup's H i l l . At this point there i s a break i n the continuous 
outcrop of Botany Grit from Hare Crag to Loup's H i l l of 250 yards 
marking the old valley l i n e . In Hunder Beck the pre-glacial river 
bed i s lower than 1075' Q.D., a height which i s below the probable 
level of the pre-glacial River Balder at ah equivalent point to the 
north. The reason for the dominance of Hunder Beck over the River 
Balder in pre-glacial times i s that i t s headwaters included the 
present Tarn G i l l and Crook Beck.. Fawcett (1916) shows how the 
steeper western streams of Swlndale Beck and Augill Beck captured 
Tarn G i l l and Crook Beck respectively, both of which he considered 
had flowed Into the River Balder. I t i s much more l i k e l y , however, 
that they at one time flowed into Hunder Beck since the present 
Balder i s BP late-glacial and post-glacial phenomenon which was 
developed after the Burners H i l l s lake had blocked the natural 
drainage of Hunder Beck. 
Fawcett has also shown that at one time the River Tees flowed 
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to the east down Langleydale ana he considered that a subsequent 
o r the Greta captured i t i n pre-glacial times and so formed i t s 
present course south of the Eggleston gap. He seems to imply-
that the pre-glacial course was i d e n t i c a l w i th the present one, but 
t h i s i s most u n l i k e l y . At the junction of the Balder with the Tees, 
they both cut down through high c l i f f s of g r i t . Just upstream from 
the junction the Balder flows through very thi c k d r i f t deposits. 
Whether these d r i f t deposits have f i l l e d i n a g l a c i a l or pre-glacial 
channel, i t i s most improbable that the post-glacial r i v e r returned 
to a pre-glacial course, cut i n s o l i d rock, to the east. The reason 
f o r t h i n k i n g that the Teas had a pre-g l a c i a l course i n the present 
• a l l e y i s the lack of wind gaps east of the Tees f o r the r i v e r s 
draining the Stainmore area, and not the r e l a t i v e maturity of the 
present course of the Tees below Bggleston Bridge, as Fawcett 
suggests. The actual course must have been S.W. of the present 
one, but i t s exact p o s i t i o n i s impossible to determine. 
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(b) Glacial. 
(1) General. The two main factors i n the gl a c i a t i o n of t h i s 
area are the Teesdale glacie r coming from the high ground around 
Cross F e l l and the ice from the Vale of Eden which crossed over the 
low ground of the Stainmore Area i n t o Bast Yorkshire. Dwerryhonse 
(1902) has shown that at one time the Stainmore ice caused the 
Teesdale ice to he deflected i n t o Wear dale, but the evidence which 
has "been collected during the recent survey of the Stainmore area 
suggests that though the Stainmore ice may have been the dominant 
one most of the time, there were periods when the Teesdale ice 
predominated. I t i s t h i s r e l a t i v e dominance of one ice stream 
over another which i s the main theme i n the h i s t o r y of the glacia-
t i o n of the Middle Tees. 
( i i ) Lunedale. Dwerryhouse (1902) has described how the 
Lunedale ice caused the formation of a series of g l a c i a l lakes on 
the north side of the v a l l e y l i n k e d by l a t e r a l overflow channels. 
These were mainly outside the area surveyed, but an overflow 
channel north of Sleight Edge, with a gravel fan Just to the east, 
was noted, which markB the eastern margin of t h i s series o f lakes. 
Lunedale i s covered w i t h d r i f t more extensively than any other 
valley i n t h i s area, showing that t h i s was probably the most 
important of a l l routes f o r the Edenside ice. This came from the 
di r e c t i o n of Lune Head Moss which has t h i c k d r i f t deposits, and not 
over the Lune Head Pass where no d r i f t deposits were found. 
On the south side of Lunedale, on the Botany Ridge, there are 
some overflow channels. There i s a possible one east of Harker 
H i l l at 1500* 0»D., and two more certain ones running eastwards at 
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Toddyshaw H i l l and Bai l H i l l . These are at 11751 O.D. and 1150' 
O.D. respectively and therefore are similar i n a l t i t u d e to a 
spectacular series, well seen from the Woodlands road, on the v 
opposite side of Teesdale. Though a thorough survey of Teesdale 
may modify t h i s view, i t seems probable that these channels were 
formed by lakes c o l l e c t i n g e i t h e r side of the Teesdale glacier which 
obstructed normal drainage. The r e l a t i v e insignificance o f the 
channels west of the Tees suggests that a glacier was s t i l l f i l l i n g 
the bottom of Lunedale, but that i t was less powerful than the 
Teesdale ice. They may be a l i t t l e l a t e r than the lake series of 
north Lunedale and were formed not long before the flow of ice down 
Lunedale ceased, f o r at 1050* O.D., on Bail H i l l , there are a great 
number of Whin S i l l e r r a t i c s . I t i s most u n l i k e l y that these were 
deposited by the Bdenside ice since, though Whin S i l l e r r a t i c s were 
carried 1 by i t , they were rare. I t seems certain that they came 
from f u r t h e r up Teesdale, f o r j u s t across Lunedale there are 
extensive Whin S i l l outcrops. Thus the Teesdale ice must have 
continued l a t e r than the Lunedale ice which would have removed the 
blocks had i t been above that height at a l a t e r date. 
( H i ) Baldersdale. Like the whole Stainmore area, Balders-
dale was at f i r s t completely covered by i c e , even the highest h i l l s 
on i t s flanks have t h i n coverings of d r i f t and an e r r a t i c of the 
Borrowdale Volcanic Series was found on Goldsborough. However, the 
most i n t e r e s t i n g g l a c i a l phenomenon i n Baldersdale are the i r r e g u l a r 
mounds, called Burners H i l l s . 
These consist, of a number of small rounded h i l l s , extending 
about h a l f a mile i n each d i r e c t i o n , with steep grassy slopes. 
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Undoubtedly they are g l a c i a l features, but the nature of the 
material which forms them i s d i f f i c u l t to determine. On the Old 
Geological Survey Map they are l a b e l l e d "sand and gravel" and t h i s 
may be true. There are only a few poor exposures i n the h i l l s , 
but no glaciated boulders, as normally exist i n boulder clay, were 
found. Instead there i s a great deal of angular rock, mainly sand-
stone, suggesting the deposits of a g l a c i a l lake. 
Their height i s considerable, f o r they r i s e to over 1500 * O.D. 
which i s well above the surrounding country and i s an a l t i t u d e only 
surpassed by the tops of the ridges ei t h e r side of Baldersdale. 
Thus the lake must have extended r i g h t across Baldersdale, the 
drainage of the area being blocked by the Teesdale ice. The 
p o s s i b i l i t y of Baldersdale ice forming the lake i s precluded by the 
height of Burners H i l l s . On the south side of the lake there are 
two small overflow channels c u t t i n g through the Botany Grit at 1550* 
and 1850* O.D* On the north side of the lake there i s the deep 
windgap between Kelton H i l l and Jenny Quarries. The most l i k e l y 
explanation f o r t h i s windgap i s th a t i t was formed ae an overflow 
channel from t h i s g l a c i a l lake. At f i r s t the Lunedale ice prevented 
any overflow northwards, f o r the height of the Botany Ridge i s 
barely 1300* O.D., but as the Lunedale ice became lower the lake was 
able to s p i l l over i n t o Lunedale, c u t t i n g out t h i s broad channel to 
j u s t over 1150' O.D. 
Just west of Burners H i l l s and north of Hunder Beck there are 
a series of overflow channels, draining to the north, from 1275' O.D. 
to 1200' O.D. There i s a very clear one at Oaper G i l l , and the 
present course of Hunder Beck takes the l i n e of an overflow channel, 
as does Yawd Sike at How Beck Head where the s o l i d rock i s cut 
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through at r i g h t angles to the o r i g i n a l stream d i r e c t i o n . These 
overflow channels were the o u t l e t B of a lake which was dammed to the 
east by a tongue of the Teesdale ice penetrating as f a r as Long Bigg 
where d r i f t now blocks the o r i g i n a l pre-glacial channel of Hunder 
Beck at 1126' 0.D. The ridge to the south was too high f o r the 
lake to escape, and to the north a small glacier i n Baldersdale 
caused the formation of the series of overflow channels i n that 
d i r e c t i o n . The ice was l i m i t e d to the Balder because the col at 
i t s head was some 50* lower than the col at Wham, at the head of 
Hunder Beck. The l a t t e r col was too high to allow much ice to 
surmount i t . 
, Thus i t seems that there was a re-advance of the ice down 
Baldersdale af t e r the f i r s t r e t r e a t during which the Burners H i l l s 
lake was formed. This explains the comparative lack of g l a c i a l 
d r i f t i n Baldersdale i t s e l f compared with the ground to the south, 
f o r the l a t e r glacier would have removed the g l a c i a l deposits of 
the more extensive e a r l i e r g l a c i a t i o n . 
(ivV Deepdale. Very l i t t l e of i n t e r e s t was noted i n Deepdale 
which has no extensive covering of d r i f t . Knotts H i l l s , however, 
are small morainic mounds probably l e f t by a r e t r e a t i n g glacier and 
Glasgow G i l l i s an overflow channel at 1350' O.D., due to the 
obstruction of the natural drainage of Black Beck by the Deepdale 
and Greta ice. 
(vV Greta Valley. Though the g l a c i a l deposits of the Greta 
Valley west of Bowes are less extensive than those of Lunedale, the 
erosive effeet of the ice was at least as great. i t formed a wide 
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U-shaped v a l l e y , removing a l l traces ©f the pre-glacial course of 
the Greta. West of Bowes* where the v a l l e y widens, the erosive 
power of the glacier was less strong and a pre- g l a c i a l course may 
exist. 
160' above the v a l l e y bottom Spital H i l l i s formed by a long 
t h i n ridge of d r i f t at r i g h t angles to the d i r e c t i o n of the ice 
flow. I t has the appearance of a terminal moraine but i t s height 
above the v a l l e y bottom, and the absence of any moraine i n the 
valley bottom, suggest that i t may have been deposited during the 
f i r s t r e t r e a t , the l a t e r advance removing a l l evidence of a 
moraine from the valley i t s e l f . 
( v l ) . Tegssdaie. Only one side of Teesdale was surveyed and 
so no complete conclusion can be drawn from the evidence seen. 
There was, however, a lake at one time i n Teesdale i t s e l f , shown 
by deposits of sand, overlain by boulder clay, H.5. of Bast F i e l d 
House at 700 1 O.D. This lake may have been formed behind the 
large terminal moraine of Queswick H i l l s , j u s t east of the present 
map. West of t h i s terminal moraine i s a narrow channel i n the 
d r i f t at 725' O.D., through which the railway now runs. This 
appears to be a drainage channel from the lake which cuts round the 
side o f the moraine. Just east o f the moraine of the Gueswick H i l l s 
another channel was l a t e r formed at between 626* and 650' O.D. 
which i s Just west of the present course of the Tees. 
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V. CONDITION8 OF DEPOSITION, 
(a) Oyclic Deposition. 
Rhythmic deposition i n the Lower Carboniferous of the North 
of England was f i r s t remarked upon by M i l l e r (1887) although the 
sections drawn up by Westgarth Forster (1809) clearly show the 
rhythmic nature of the MLead Measures" (Dunham, 1960). I t was 
Hudson (1926), however, who f i r s t described the Yoredale rhythm i n 
d e t a i l from the succession of the Middle and Upper Limestone Groups 
of Wensleydale. Brough (1928) showed that similar rhythmic depos-
i t i o n occurred i n the Middle Limestone Group of Northumberland and 
suggested that i t might also'be found i n the equivalent s t r a t a on 
the Alston Block. 
This was confirmed by Dunham (1950) who gives a comprehensive 
h i s t o r i c a l account of rhythmic sedimentation i n the North of 
England and describes i n d e t a i l i t s application to the Lower Carbon-
iferous of the Alston area. He states the succession i n each 
cy d o them (rhythmic u n i t ) ast 
(7) coal; 
(6) ganister or under clay; 
(5) sandstone; 
(4) &andy shale, shaly sandstone or 'grey beds' (interbedded 
shales, s i l t s t o n e s and sandstones); 
(2) u n f o s s i l i f e r o u s , (? non-marine) ferruginous shale; 
(2) marine shale; 
(1) marine limestone. 
This u n i t i s essentially the same as that given by Brough, but 
d i f f e r s from Hudson's rhythmic u n i t i n the omission of both a lime-
stone conglomerate between the marine limestone and marine shale, 
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and a sandstone or coaly shale between the coal and marine lime-
stone. I t suggests, therefore, that these items i n Hudson's 
succession are of purely l o c a l d i s t r i b u t i o n . 
Dunham also states that other members o f the succession may be 
missing or of r e s t r i c t e d occurrence, p a r t i c u l a r l y the coal and the 
marine shale. Since the limestone i s the most persistent member 
and i t s commencement shows the most s t r i k i n g break i n conditions, he 
follows Brough i n taking i t as the basal member of the u n i t . 
I n the Upper Limestone Group, as both Dunham and Hudson have 
shown, the cyclothem i s le s s regular. The po s i t i o n of the lime-
stone i n the rhythm may be taken by marine sandstones or shales and 
unconformities or washouts occur at the base of sandstones, which 
are frequently transgress!re. Nevertheless, crude rhythms, which 
are b a s i c a l l y si m i l a r to those of the Yoredale cyclothems, can be 
discerned r i g h t up in t o the Millstone G r i t and Goal Measures. 
I n the Stainmore Area the rhythmic u n i t s are imperfect, and 
many of the cyclothems employed as u n i t s f o r descriptive purposes i n 
t h i s work are actually composite cyclothems since they contain more 
than one marine band, though the minor marine bands may only occur 
l o c a l l y . The most obvious examples of minor marine bands are i n 
the. Goal S i l l Group and i n the Upper Stonesdale Cyclothem. There 
may also be more than one arenaceous band i n the u n i t , such as i s 
found i n the Upper Stonesdale and Fossil Sandstone Oyclothems, with 
no marine band to separate them. 
I n the Stainmore Area perhaps the most noteable exception to 
the standard u n i t i s at the base of the marine horizon. Mention 
has been made (pp. 47 and es) of the d i f f i c u l t y of distinguishing 
the limestone from the sandstone at the base of the L i t t l e and Upper 
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Stonesdale limestones since marine f o s s i l s occur i n the top of the 
sandstones, and i t i s equally d i f f i c u l t to d i s t i n g u i s h the sand-
stone with f o s s i l s from that without f o s s i l s . This f a c t suggests 
that there i s not always a clear cut "base to the marine horizon. 
Another point that was noticed was that i n those marine bands which 
contained limestone there were marine beds, formed of shale or 
sandstone, below the basal limestone. For instance., the Crow Lime-
stone i s usually sandy at the base and the Lower Stonesdale Lime-
stone i s usually muddy. Johnson (personal communication) has 
recorded very f o s s i l i f e r o u s shales, 2" - 3 H t h i c k , between the 
bottom of both the Great and Undersett Limestones and t h e i r under-
l y i n g coals i n the Mount Pleasant Bore. On the surface the contact 
i s so seldom seen that t h i s f o s s i l i f e r o u s shale goes unrecorded, 
but i n Vindmore End Quarry a Hfine-grained, black, s l i g h t l y cherty 
limestone - 2*1 thick** was noted at the base of the Great Limestone 
(p. 33). 
M i l l e r and Turner (1931) have also emphasized the t r a n s i t i o n 
of sandstone i n t o limestone both v e r t i c a l l y and l a t e r a l l y i n certain 
horizons i n the Dent Fault and Shap D i s t r i c t s . They suggested that 
$he apparent superposition of limestone on coal was coincidental 
since coal requires a roof o f clay or sand f o r i t s formation and 
that t h i s must have been removed by erosion i n those places where 
limestone l i e s d i r e e t l y on coal. 
The evidence from the Stainmore Area agrees with t h i s 
suggestion. Goals at or near the top of the cyclothem are quite 
rare, and occur more frequently lower down the cyclothem. However, 
where they do occur at the top, such as below the Upper Felltop 
Limestone, a roof i s found above the coal, and i t i s only below the 
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Great Limestone and the Four Fathom Limestone that limestones appear 
to l i e d i r e c t l y on top o f coal. M i l l e r and Turner's suggestion 
that the roof i s removed by erosion p r i o r to the deposition of the 
limestone does not appear possible sinee the coal beneath the Great 
Limestone retains a persistent thickness f o r a considerable distance. 
Possibly, therefore, the f o s s i l shale above i t may be the roof of 
the coal seam. 
The absence of a d e f i n i t e break beneath the limestone suggests 
that i t i s not the ideal base of the cyclothem. I n the Goal 
Measures, Edwards and Stubblefleld (1947) use the base of the coal; 
Weller (1950) i n the Pennsylvanian of the central United States, 
takes the sandstone as the basal member because i t i s unconformable 
on lower beds. This i s a possible base i n the Stainmere Area, f o r 
many sandstones have been shown to be transgressive, and i n the f i e l d 
i t i s normal to map the sandstone and overlying limestone of a 
d i f f e r e n t cyclothem at the same time since they are the best exposed 
parts of the succession. On the other hand, some sandstones do 
not have transgressive bases, grading up from non-marine shale 
below, and most of the sandstones are l e n t i c u l a r bodies which do not 
extend throughout the area, i n contrast to the marine beds which 
usually are persistent. Thus the base of the cyclothem has been 
taken at the base of the marine beds, a l i n e which can always be 
approximately defined even i f i t i s d i f f i c u l t to separate marine 
from non-marine s t r a t a exactly. 
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(b) Conditions of Sedimentation. 
Dunham (1948, p.54) describes how many of the lower lime-
stones of the Middle Limestone Group of Alston coalesce southwards 
to form a continuous marine series with no intervening non-marine 
strata. Above the Middle Limestone, however, he considered that 
the contrary was probably the case since the non-marine portions 
of the Five Yard, Three Yard and Four Fathom Cyclothems appear to 
be thicker on the Askrigg Block than on the Alston Block and the 
Iron Post Cyclothem did not appear to be represented on the Askrigg 
Block. The present survey has shown, however, that as regards the 
Four Fathom Oyclothem t h i s may not.be true, since i n Swale dale 
there i s probably a continuous marine series between the Under sett 
(Four Fathom) Limestone and the Undersett Chert, the l a t t e r being 
i n part the equivalent of the Iron Post Limestone. I n addition, 
a continuous marine series between the Main Limestone' and L i t t l e 
Limestone i s probably the equivalent of a composite cyclothem on 
the Alston Block. Thus the beds above the Four Fathom Limestone 
show a si m i l a r dying out of the non-marine members of the cyclothem 
towards the south. 
This suggests that the marine invasions came from the south, 
but the true d i r e c t i o n may be the south-east, f o r M i l l e r and Turner 
(1931) found t h a t , i n the Middle Limestone Group on the west of the 
Askrigg Block the limestones thicken, and the intervening s t r a t a 
t h i n towards the east. Hudson (1941) noted that the marine 
horizons of the Upper Limestone Group i n the Roddymoor Bore were 
more calcareous than those i n either Alston or North West 8waledale. 
I n addition, an examination of the Mallerstang Memoir (1891) seems 
to show that i n the west of the area described the succession i s 
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more akin to the Alston succession with the chert horizons of lower 
Swaledale absent i n the Undersett and Main Cyclothems. 
I n the Stainmore Area the Crow Limestone i s thickest i n the 
south-east, near Bowes, and there i s a complementary thickening 
northwards of the non-marine portion of the cycle them, p a r t i c u l a r l y 
the. G r i t S i l l s . On the other hand, the Enucton Shell Beds are 
present to the north but not to the south, though as they die out 
to the west as well as to the south the marine invasion may have 
come from the north-east. The non-marine s t r a t a of the Lower 
Stonesdale Oyclothem thicken northwards, though over a l i m i t e d area 
there i s a marine horizon, the Rookhope Ironstone, w i t h i n them. 
The Mirk Pell Ironstones, however, apparently die out to the north 
and east. 
Thus up to the disconformity below the Coalcleugh Transgression 
Beds and Transgression Beds Grits the evidence shows that the marine 
incursions came either from the south or east. Those marine bands 
which do not appear to conform to t h i s are probably l o c a l exceptions. 
The Knucton Shell Beds and Rookhope Ironstone may well have come from 
the east, and an o r i g i n a l extension of the Mirk F e l l Ironstones 
south and east of the Stainmore Area may be obscured by t h e i r 
removal by the overlying transgression. 
Above the disconformity conditions appear to change, f o r the 
non-marine s t r a t a become considerably thicker towards the south. 
This i s due to the e a r l i e r onset of Millstone G r i t conditions on 
the Askrigg Block. Though pal aeon t o l o g i c a l information I s too 
scarce to be precise, the change of facias i n the Stainmore Area 
took place at approximately l a t e or early Bg times. I n the south 
of the Askrigg Block, however, the basal f l u v i a l - g r i t , the Grassington 
G r i t , had already been deposited, the equivalent probably of 
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st r a t a below the Mirk P e l l Ironstones. Dunham (1950) has suggested 
that the sandstone-filled washouts of the Upper Limestone Group of 
the Alston Block may be some of the sources of the thic k g r i t s of 
the Mid-Pennines. I t i s not possible to l i n k i n d i v i d u a l wash-
outs with bands of the Millstone Grit below the Upper Stonesdale 
Limestone, but above that horizon there i s evidence from the 
Stainmore Area i n support of Dunham's suggestion. 
The mixed f a d e s of the Ooalcleugh Transgression Beds of Alston 
has been shown to pass l a t e r a l l y i n t o the g r i t facies of the Trans- : 
gression Beds Grits w i t h i n the Stainmore Area. The map (Figure 9) 
shows how the mixed facies extends through the centre of the area, 
with g r i t facies on the flanks. The t r a n s i t i o n on the south must 
occur between the Stainmore Area and North West Swaledale. The 
mixed facies can be considered as the deposits of a broad southward 
flowing r i v e r which carried down the coarse sediments which were 
l a i d down on i t s flanks and at i t s extremity as. d e l t a i c accumulations. 
At times of r e l a t i v e s t a b i l i t y coals were developed on the delta 
surface. 
There i s a l o c a l marine horizon i n the north, the Ooalcleugh 
Marine Beds, whose source i s obscure, but the marine invasion of 
the Upper Felltop Limestone advanced over the whole area. This may 
have come from the south since i t persisted i n North West Swaledale 
f o r a longer period than on the Alston Block or i n the Stainmore 
area, f o r non-marine beds are found between the Upper Felltop Lime-
stone and the Fossil Sandstone, instead of a continuous marine series 
between the two, as i n Swaledale. 
The equivalence which has been demonstrated of the Botany Grit 
with the F i r s t Millstone Grit of Durham shows that Millstone G r i t 
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conditions had by t h i s time set i n over the whole area, though the 
overlying Botany Limestone suggests a return" to Yoredale sediment-
ation. This does, however, emphasize the d i f f i c u l t y i n distinguish-
ing any one horizon at which i t can be said there i s a major change 
of f a d e s . There i s no doubt that a change of facies takes place 
between'the Four Fathom Limestone and the Botany Limestone and the 
most s t r i k i n g change of conditions occurs at the disconformity i n 
the Upper Stonesdale Cyclothem, but i t i s not a sharp d i v i s i o n 
between a Yoredale and Millstone Grit facies. 
r 
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(c) Breaks i n Deposition. 
The pic t u r e that Ohubb and Hudson (1985) drew of an unconform-
i t y between the Yoredales and the Millstone Grit of the northern 
part of the Askrigg Block i s too simple to explain a l l the evidence 
which has since been obtained from that area (Howell, personal 
communication). I t appears that there are several horizons at 
which strata have been removed by erosion, such as between the Main 
and Under sett Limestones, beneath the Mirk F e l l Canister and beneath 
the Kettlepot Canister. 
On the Alston Block Dunham (1948) and Oarruthers (1958) have 
given d e t a i l s of 'transgressions' i n the Coal S i l l s Group, beneath 
the Grit S i l l s (the Rogerley Transgression) and beneath the Ooal-
cleugh Transgression Beds. I t has been shown i n the Stainmore Area 
that other sandstones may also be l o c a l l y transgress!ve. 
Evidence has been given of transgressions beneath the Tuft 
Sandstone; beneath a l l three of the Coal S i l l s ; beneath the upper 
part of the Ten Fathom Gr i t ; beneath the Ooalcleugh Transgression 
beds and Transgression Beds G r i t s , and beneath the Botany Grit 
( F i r s t Millstone G r i t of Durham). The l a t t e r two i n the Stainmore 
Area are undoubtedly more substantial than the remainder and one 
does p a r t i a l l y remove the underlying marine horizon, but neverthe-
less they are not of a size which warrants the term unconformity, 
since there i s no angular discordance of dip between them and the 
l a t e r a l extent i s not very great. For instance, the Rogerley 
Transgression of the Alston Block i s the most important i n that 
area (Dunham 1950) but i t does not extend throughput the Stainmore 
Area. Dunham considers that t h i s i s a sandstone-filled washout which 
i s probably correct i n t h i s instance, but a more general term with 
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no genetic implication i s required to describe those cases whose 
o r i g i n i s more obscure. 
The term 'transgression 1 does not seem e n t i r e l y suitable, since 
while the sandstone base may be described as ' transgress!ve 1, 
'transgression' Implies a phenomenon of a more widespread nature 
i 
than these r e l a t i v e l y l o c a l a f f a i r s . 'Hon-sequence' i s normally 
employed: to describe a break i n the succession of pal aeontologieal 
zones. Grabau (1924) has proposed the term 'disconformity' f o r a 
' s t r a t i c ' unconformity i n which there i s an erosion i n t e r v a l but 
no s t r u c t u r a l discordance between two sets of stra t a . I t i s here 
suggested that t h i s i s the most suitable general term f o r the 
Yoredale and Millstone Grit depositions! breaks. 
APPENDIX I . 
198. 
REFERENCES. 
BLACK, M. , P.H. HATCH and R.H. RASTALL, 1938. The Petrology of 
the Sedimentary Socks, 3rd Edit ion, 383 pp. London. 
BROUGH, J . , 1929. On Rhythmic Deposit ion i n the Yoredale Series. 
Proe. Univ. Durham P h i l . Soc. v i i i , pp. 116-126. 
BUTTERFIELD, J. A. , 1937. Analyses of Sandstones from Millstone 
Grits at Yeadon, Yorkshire. Proc. Yorks. Qeol. Soc,, 
x x i i , pp.144-158. 
• 1940. A Petrol©gical Study of some Yoredale Sand-
stones. Trans. Leeds Qeol. Assoc. v , pp.264-284. 
CARRUTHERS, R.G., 1938. Alston Moor to Botany and Tan H i l l : an 
adventure i n Stratigraphy. Proc. Yorks. Geol. Sac. 
x x i i i , pp.236-263. 
CHUBB, L . J . and R. G. S. HOD SON, 1925. The nature of the junction 
between the Lower Carboniferous and Millstone Grit of 
North-West Yorkshire. Proc. Yorks. Geol. Soc. xx, 
pp.257-291. 
DAKYNS, J.R., 1872. The Glacial Phenomena of the Yorkshire 
Uplands. Quart. Joura. Geol. Soc. x x v i i i , p.382. 
DAKYNS, J.R. et a l . , 1891. The Geology of the country around 
Mailers tang. Mem. Geol. Surv. x • 213 pp. London. 
1897. The Geology of the country between Appleby, 
Ullswater and Haweswater. Mem. Geol. Surv., v i * 110 
pp. London. 
DUNHAM, K. C., 1933. Structural features of the Alston Block. 
Geol. Mag., l x x , pp.241-254. 
......... 1934. The Genesis of the North Pennine Ore Deposits. 
Quart. Journ. Geol. Soc, vo l . xc. , p.689. 
, . . 1948. Geology of the Northern Pennine Orefield, 
Vol. 1 , Tyne to Stainmore. Mem. Geol. Surv., v l • 
357 pp. London. 
. . . . . . . . . . . 1950. Lower Carboniferous sedimentation i n the 
Northern Pennines (England). Rept. x v l i i I n t . Geol. 
Congress, Part i v , pp.46-63. 
and C.J. 8TUBBLEPIELB, 1945. The stratigraphy, 
structure and mineralization of the Greenhow mining area, 
Yorkshire. Quart. Journ. Geol. Soc., c. pp.209-268. 
199. 
DWERRYH0U8E, A.R. Gladation of Teesdale, Weardale, the Tyne 
Valley, and their t r ibutary valleys. Quart. Journ. 
Qeol. Soc., l v i i l , pp. 572-608. 
EDWARDS, W.N. and G.J. 8TUBBLEFIELD, 1947. Marine hands and other 
faunal marker-horizons i n relat ion to the sedimentary 
cycles of the Middle Goal Measures of Nottingham and 
Derbyshire; with an appendix on the petrography of two 
sedimentary cycles by E.G. Dunham. Quart. Journ. Geol. 
Soe., c i i i , p. 209. 
PAWOETT, C.B., 1916. The Middle Tees and i t s Tributaries; a 
study i n r iver development. Geeg. Journ., x l v i i i , 
pp.310-325. 
FLEURE, H.J . , 1951. A Natural History of Man i n Br i t a in . London, 
Col l in ' s New Natural is t . 
PORSTER, W., 1821. A treatise on a Section of the Strata from 
Newcastle-upon-Tyne to the Mountain of Cross Fell, i n 
Cumberland; with remarks on'Mineral Veins i n general. 
2nd Edit ion. Alston (1st Edit ion, 1809). 
1883. A treatise on a Section of the Strata from 
Newcastle-upon-Tyne to the Mountain of Gross F e l l , i n 
Cumberland; with remarks on Mineral Veins i n general. 
3rd Edi t ion, revised by W« Nail-, Newcastle. 
GARWOOD, E.J. , 1907. Notes on the faunal succession i n the 
Carboniferous Limestone of Westmorland and neighbouring 
parts of Lancashire and Yorkshire. Qeol. Mag. dec. 5, 
vo l . 4, pp.70-74. 
1910. Northumberland and Durham. In 'Geology i n 
the F i e l d 1 , Jubilee Volume of the Geologists' Association, 
pp.661-697. 
1912. The Lower Carboniferous succession i n the 
North West of England. Quart. Joum. Geol. Soc., 
l x v i l i , pp.449-586. 
• * * ». 1916. The faunal succession i n the Lower Carboni-
ferous recks of Westmorland and North Lancashire. 
Proe. Geol. Assoc. x x v i l , pp. 1-43. 
„_„. , . . . and B. GOODYEAR, 1924. The Lower Carboniferous 
succession i n the Settle D i s t r i c t and along the l ine of 
the Craven Faults. Quart. Journ. Geol. Soe. Ixxx, 
pp. 184-873. 
GILLIGAN, A. , 1919. The Petrography of the Millstone Grit of 
Yorkshire. Quart. Journ. Geol. Soc. I x x v . , pp.251-294. 
GOODGHILD, J. G., 1875. Glacial Phenomena of the Vale of Eden, 
Quart. Joum. Geol. Soc., zxx i , p. 55. 
soo. 
GBABAU, A.W., 1924. Principles of Stratigraphy. 2ad ed. Sew York. 
HEDLEY, W.P., 1931a. The Lower Carboniferous. I n 'Contributions te 
the Geology of Northumberland sad Durham'. Proc. Geol. 
Assoc, x L i i , pp.222-238. 
• • • • • • • •»•»»«>*- 1931b. The Stratigraphy of the Bernician and M i l l -stone Gri t of South Northumberland. Trans. Hat. Hist . 
See. Northumberland, Durham, Newcastle (U.S.) , v i i , 
pp. 179-190. 
HICKLING, H*G. A., 1931a. Structure and Topography, with a general 
history of the Carboniferous Deposits. I n 'Contributions 
te the Geology of Northumberland and Durham'. Proc. Geol. 
Assoc., x l l i , pp.219-228. 
...,..»...,„ 1931b. The Geological Structure o f the English 
Pennines. Kept. B r i t . Assoc. f o r 1930, p. 331. 
. . . . . . . . . . . . . . . 1949. Geology. I n 'Sc i en t i f i c Surrey of North-
Eastern England' ( f o r B r i t i s h Association), pp. 10-30, 
Newcastle. 
19S0. The Prospects of Undersea Coalf ield Extension 
i n the North East. Trans. N. Engl. Ins t . Min. Mech. Eng. 
HILL., D., 1938-41. A Monograph of the Carboniferous Rugose Corals 
of Scotland. 3 parts (and index, 1941). Paleeont. Soc. 
H&DSON, B.G.S., 1924. On the rhythmic succession of the Yoredale 
Series i n Wensleydale. Free. Yorks. Geol. Soc., xx. , 
pp. 125-135. 
«. 1925. Faunal Horizons i n the Lower Carboniferous of 
North-west Yorkshire. Geol. Hag., l x i i , pp. 131-186. 
1933. The Soenery and Geology of North-West Yorkshire. 
I n 'The Geology of the Yorkshire Bales*• Free. Geol. 
Assoc., x l i v , pp.228-255. 
.•••......,•>...-• 1938. The General Geology . . . and the Carboniferous 
Bocks*. I n 'The Geology of the Country around Harrogate*• 
Free. Geol. Assoc. x l i x , pp.295-330. 
„ 1939. The Millstone Grit Succession of the Simon seat 
Anticl ine. Proc Yorks. Geol. Soc. x x i i . l , pp.519-949. 
1941. The Mirk Fel l Beds (flamurian, Eg) of Tan H i l l , 
Yorkshire. Froc. Yorks. Geol. Sec, x x l r , pp.259-289. 
KENDAL, P.P., 1902. Glacier Lakes i n the Cleveland H i l l s . Quart. 
Journ. Geol. Soc, l v i l , pp.572-608. 
. , 1911. The Geology of the D i s t r i c t around Settle and 
Harrogate. Free. Geol. Assoc x x i i , p.53. 
~ SOI. 
KENDAL, P.F. , and H»B. JJjROTT, 1924. The Geology of Yorkshire. 
2 vols, x x i i + 995 pp. Vienna. 
LEE, G.W., 1924* On the f aunal sequence i n the .Carboniferous Rocks 
met i n the Roddymore Boring, 06. Durham. Summ. Progr. 
Geol. Sarv. ( f o r 1923), pp; 146-149. 
MANLEY, 0. , 1982.. /Climate and the B r i t i s h Scene. London, 
Col l ins ' New Naturalist . 
MARR, J.E. , 1899. On the Rig id i ty of North-West Yorkshire. 
Naturalist , 1921, pp.62-72. 
MATLEY, G.A., and T. STAOSY-WILSON,. 1946. The Harlech Some north 
of the Barmouth Estuary. Quart. Journ. Oeol. Soc., 
e i i , p . l . 
MILLER, A.A., and J. S. TURNER, 1931. The Lower Carboniferous 
succession along the Dent Fault and the Yoredale Beds 
of the Snap D i s t r i c t . Proc. Oeol. Assoc., x l i i , pp.1-28. 
MILLER, H . , 1887. The Geology of the Country around Otterburn and v Elsdon. Mem.. Qeoli Surv., v i i i + 147 pp. London. 
MILNER, H„B., 1929. Sedimentary Petrography. 2nd Edit . London* 
Murby. ^ 
KEVIN, CM. 1949. pr inciples of Structural Geology. 4th ed. 
New York. 
PSARSALL, W.H. 1950. Mountains and Moorlands, London, Collins* 
New Naturalist . 
PHILLIPS, J . , 1836. I l l u s t r a t ions of the Geology of Yorkshire. 
Part I I , The Mountain Limestone, xx + 253 pp. London. 
RAISTRICK, A. , 1926. JFhe Glaciation of Wen el e yd ale, Swaledele, 
and adjoining parts of the Pennines. Proc. Yorks. Geol. 
Soc., xx, pp.366-410. 
.. . . 1946. The Story'of the Pennine Walls. Dalesman 
Publishing Co.. 
RAMSDEN, D.M., 1948. From Stainmore to the Tees. Dalesman. 
RAYHER, D.H., 1953. The Lower Carboniferous rocks i n the north 
of Englands a review. Proc. Yorks. Geol. Soc. x x v i i i , 
pp. 231-315. • 1 
ROWELL., A . J . , 1953. The Upper Limestone Group and Millstone Grit 
of the Stainmbre Outlier and the Askrigg Block from 
Tanhill to Swarth F e l l . Leeds, Ph. D. Thesis. 
SARGENT, H.O., 1929. Further Studies i n Chert. Geol. Mag., 
l x v i , pp.399-f4l3. 
SHOTJON, F«W., 1935. The Stratigraphy and Tectonics of the Cross 
Fe l l I n l i e r . Quart, journ. Geol, See., xo l , pp.639-704. 
202. 
SMITH, 8. , 1910. The Faunal Succession of the Upper Bern! ci an. 
Trans. Hat. Hist . Soc. Northumberland, Durham and New-
castle, (N, S.), i l l , pp.591-646. 
• 1910. Report of the Committee appointed to report 
upon the Carboniferous Limestone Formation of the North 
of England, with special reference to i t s Coal Resources, 
Newcastle. 
1923. Lead and Zinc Ores of Northumberland and Alston 
Moor. Mem. Geol. Surv., Min. Resources, xxv. 
TIDDEMAN, R«H., 1372. On the Evidence f o r the Ice-sheet i n North 
Lancashire and adjacent parts of Yorkshire and Westmorland. 
Quart. Journ. Geol. Soe., x x v i i i , p.471. 
TROTTER, F«Jff. 1929. The Tertiary U p l i f t and Resultant Drainage of 
the Alston Block and Adjacent Areas. Proc. Yorks. Geol. 
Soc. , x x i , p. 161. 
, 1944. The Age of the Ore Deposits of the Lake Di s t r i c t 
and of the Alston Block. Geol. Mag., l x x x i , p.223. 
1952. Sedimentation facies i n the Namurian of North-
western England and adjoining areas. Liverpool Manch. 
Geol. Journ. , i , pp.77-*&&»|i* 
and 8.E. HOLLINGWORTH, 1927. On the Upper Limestone 
Group and 'Millstone Gr i t ' of North-East Cumberland. 
Summ. Progr. Geol. Surv. ( f o r 1926), pp.98-107. 
1928. The Alston Block. Geol. Mag., 
l x v . , pp. 433-448. 
1932. The Geology of the Brampton 
D i s t r i c t . Mem. Geol. Surv., 223 * x v i i i pp. London. 
TURNER, J*8., 1927. The Lower Carboniferous succession i n the 
Westmorland Pennines and the relations of the Pennine 
and Dent Faults. F*oe. Geol. Assoc. x x x v i i i , pp.339-374. 
. . . . . . . . . » • • • 1935. Structural Geology of Stainmore, Westmorland, 
and notes on the late Palaeozoic ( la te Variscan) 
Tectonics of the North of England. Proc. Geol. Assoc., 
x l v i , pp.121-151. 
VAUGHAN, A., 1905. Pal aeon tological Sequence i n the Carboniferous 
Limestone of the- Br i s to l area. Quart. Joura. Geol. Soc. 
l x i , pp.181-307. 
VERSEY, H.C., 1927. post-Carboniferous Movements i n the Northum-
brian Fault Block. Proc. Yorks. Geol. Soc. x x i , 
pp.1-16. 
WAGER, L.R., 1931. Jointing i n the Great Scar Limestone of Craven 
end i t s re la t ion to the tectonics of the area. Quart, 
journ. Geol. Soc., I x x x v i i , pp>392-424. 
204 
APPENDIX I I . 
PETB00RAPHI0AL NOTES. 
Slices were examined of representative rocks i n the Stainmore 
Area. 
(45) Quarry Haale from Borrowdale Beck. 
A mafislve micaceous sandstone consisting of about 85% of 
sub angular quartz with a grain size varying from 0.05 to 0.2 mm. 
and showing undulose extinction. Cloudy orthoclose and a few grains 
of plogio&ase, mainly oligoclase, are also present. Cleavage 
fragments of muscovlte are scattered throughout the rock which 
contains some kaol ln l te . 
(24) Great Limestone from Shields Beck. 
A very pure limestone made up almost en t i re ly of crystal l ine 
esiLcite with some i n t e r s t i t i a l i ron staining. No organic material 
v i s ib le . 
(H99) Main Limestone from, the j&yar flreta. 
A foss i l i fe rous limestone composed mainly of crystal l ine and 
organic ealclte but with some clay matter. The larger f o s s i l 
fragments are p a r t i a l l y s i l i c i f i e d . 
(198) Main Chert, from Rove g i l l . 
A massive calcareous chert with alternate dark and l i g h t 
bands. I n a groundmass of cryp/to crystal l ine s i l i c a and micro crystal-
l i ne calcite there are numerous carbonate rhombohedtra which are 
par t i cu la r ly abundant i n some bands of the rock. The dominant 
SOS. 
carbonate i s dolomite with some ankerite. A few organic fragments 
can be seen which include sponge spicules, mainly composed of 
re crystal l ized s i l i c a , besides some calcareous organisms. Thin 
veins of chalcedony and calcite penetrate the rock. 
(46) Lower Coal S i l l from Borrowdale Beck. 
A coarse g r i t consisting of rounded grains of quartz with a 
grain size ranging from 0.01 to 2 mm. Some pegmatitic quartz i s 
present but mainly the grains show undulose extinction. The f e l d -
spars Include orthoclase grains the margins of which are altered to 
kao l in i t e . Perthlte and a l i t t l e plagioclase also occur. There 
i s a very l i t t l e muscovite and some b i o t i t e . 
(125) Top Marine Band i n the Coal S i l l s Group from Lunedale. 
Calcareous shelly sandstone consisting of up to 76# of angular, 
unsorted quartz grains mainly between 0.1 and 0.2 mm. i n diameter 
but with a few larger grains. A l i t t l e plagioclase feldspar, 
museovite and organic ealcite are also present. The grains are 
demented by calcite and magnetite and pyr l te Is scattered through 
the rock. 
(126) L i t t l e Limestone from LunedaSLe. 
v A calcareous sandstone consisting of about S0# of rounded 
and BUbangular quartz with a grain size ranging from 0.1 "to 0.5 mm. 
There' are some grains of zircon and muscovite and one of plagioclase 
feldspar. Organic fragments are seen and there i s one foraminifera 
probably Badothyra. The cement i s of calci te . 
(76) Ten Fathom Gri t from Bavock. 
A s l i gh t ly micaceous quartzoze, feldspathic g r i t consisting 
mainly of rounded grains of quartz showing undulose extinction with 
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en average grain size of 0.25 mm. Andesine, ©rthoclase, hydro-
bio t i t e muscovite and zircon also occur. There i s a l i t t l e in ter-
s t i t i a l kaol ln i te and much limonite throughout the rock. 
(183) Prow Limestone from Ho Name Beck. 
A dark calcareous mudstone formed of f i n e l y divided mud and 
calcite with carbonate rhombohedra which may be ankerite. Tiny 
angular quarts? grains crystal l ine calcite and phosphatlc material 
are also present. 
(140) Grow Limestone from Borrowdale Beck. 
A hard dark ferruginous mudstone with calcite veins. The 
rock i s a homogeneous mass of equigranular, brown carbonate, mainly 
siderite with some ankerite and a few t iny quartz grains. 
(122) Above Grow Limestone from Shields Beck. 
Sandy micaceous shale consisting of about 60$ of angular 
quartz with a grain size varying from 0.1 to 0.05 mm. and 10$ 
muscovite, cemented by dark clay matter and i n t e r s t i t i a l calci te . 
(49) Lower Stonesdale Limestone from Borrowdale Beck. 
A very hard dark siliceous mudstone composed mainly of 
crypto crystal l ine s i l i c a and clay with a l i t t l e micro crystal l ine 
calci te . Irregular , elongated pale bodies, probably worm burrows, 
occur which are f i l l e d by a ca l c i t i c clay which has been almost 
ent i re ly altered to dolomite, rhombohedra of which can be seen i n 
the pale bodies as well as i n the groundmass of the rock. 
(172) Lower Stonesdale Limestone from Borrowdale Beck. 
A muddy limestone composed mainly of equi granular calcite 
which i s s l i gh t l y dolomitized. Shell fragments, preserved i n 
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calci te , ana t i n y quartz grains are seen i n the matrix. Elongated 
ferruginous patches which contain some sideri te rhombohedra also 
occur, and there are carbonaceous streaks along the bedding plane. 
(210) Rookhope Shell Bede from Wester Seek. 
A calcareous g r i t containing unsorted, rounded pebbles, 
ranging i n size from 0.5 mm. to over 2 mm. They are mainly of 
quartz showing strain shadows, but some of the quartz i s derived 
from quartzite. Pebbles of brown chert and phosphate also appear. 
The matrix i s composed of ca lc i te , mainly crys ta l l ine , and small 
angular quartz grains (c. 0.05 mm.). Olay matter i s also present 
and calcite veins are seen to penetrate both pebbles and matrix. 
(220) Rookhope Shell Beds from No Name Be ek. 
A sideri te mudstone containing 50$ of sub angular quartz 
grains (c. 0.2 mm.) and chamosite ooli ths Bet In a matrix of muddy 
s ider i te . The ooli ths are composed of chsmosite rings, with cry-
s ta l l ine centres and are p a r t i a l l y altered externally to a carbonate 
which i s probably ankerite. Small- f o s s i l fragments preserved i n 
eel cite are also present. 
(224) lower Bel l ton; Limestone from No Name Beck. 
An ankerite raudstone containing 25$ of sub angular quartz 
and glauconite (c. 0*2 mm.) with a l i t t l e organic calcite i n a 
matrix composed of a carbonate which i s mainly ankerite. The 
clast ic matter occurs i n layers. 
(547) Mirk Eel l Ironstone from Mlckle G i l l . 
A fine-grained foss i l i fe rous mudstone, composed mainly of 
crypto crystal l ine calcite wi th some rhombohedra of dolomite and a 
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few of s ider i te . There are occasional angular quartz grains about 
0.05 mm. across and shell fragments of calclte are scattered through-
out the rock. There are also circular brownish-green aggregates 
composed mainly of crypto crystal l ine s i l i c a , but with a surrounding 
r ing of caleite and with carbonate rhombohedra i n the centre. 
Pyrite i s disseminated throughout the rock which i s penetrated by 
thin veins of calci te . 
(22) Mirk Pell Ironstone from Rowan tree Beck. 
A calcite mudstone containing micro crystal l ine calcite and 
rhombohedra of ankerite with a few small angular quartz grains and 
organic fragments. 
(535) Transgression Beds Grit from Balder River. 
A coarse quartzose, feldspathic g r i t consisting of sub angular 
quartz with a grain size varying from 0.1 mm. to 2 mm. Most grains 
show undulose extinction and have sutured edges. Pegmatitic 
quartz and quartzite pebbles are also present. Feldspars include 
orthoclase which i s cloudy and sometimes altered to ser ie i te , 
perthi te and oligoclase to andesine plagioclases. A l l gradations 
of b i o t i t e altered to hydrobiotite can be seen. The rock i s well 
cemented by kao l ln i t e , some of which i s the decomposition product 
of orthoclase. Magnetite and zircon also occur. 
(606) Transgression Beds Grit from Orag Pond. 
A medium-grained quartzose, feldspathic g r i t consisting of 
moderately well graded, sub angular to rounded quartz grains with 
an average grain size of about 0.5 mm. Orthoclase, micro el ine 
and plagioclase feldspars are present and museovite can be seen 
as well as b i o t i t e and hydrobiotite 
small quarts grains and kao l in i te . 
209. 
The rock ie well cemented by 
(364) Base of Goalcleugh Marine. Be#g from Coal g i l l . 
A chamosite muds tone consisting of c. 15% angular quartz 
(0.1 - 0.3 mm.) organic and phosphatic fragments i n a matrix of 
ml ere crystal l ine carbonate which i s mainly calci te , with a l i t t l e 
ankerite. Chamosite eoli ths have the i r margins replaced by a 
carbonate which i s probably ankerite. Borne of the f o s s i l fragments 
have been altered to pyr i te which i s disseminated throughout the 
rock. 
(565) Ooalcleugh Marine Befls from Coal G i l l . 
A chamosite muds tone consisting of brown-green chamosite 
oo l i ths , super f ic ia l ly altered to carbonate, and phosphatic nodules 
i n a matrix of micro crystall ine ankerite and calci te . A few 
angular quartz and green glauconite grains are present, besides 
large organic fragments and streaks of pyr i t e . 
(391) Coalcleugh Marine Bedis from Mammon Bike. 
Sandy mudstone consisting of 45$ sub angular quartz with an 
average grain size of 0.2 mm. and glauconite i n a matrix of muddy 
calcite and dolomite. Phosphatic fragments and ehamosite ooli ths 
are also present. 
(579) Ooalcleugh Marine Beds from Header Beck. 
A chamosite mudstone consisting of glauconite, subangular 
quartz grains and chamosite ool i ths i n a matrix of fine-grained! 
calci te and ankerite. 
210. 
(4*2) Upper Fel l top Limestone from West Garni QUI . 
A muddy limestone consisting of f o s s i l fragments of 
crystal l ine caleite i n a matrix of mud and micro crystal l ine calci te , 
with some dolomite and a l i t t l e ankerlte. Some pyr i te i s also 
present. 
(109) Upper Felltop Llmeatone, from Howp^ .l3L. 
A doldmitized muddy limestone consisting of a few quartz 
grains and many calcareous f o s s i l fragments some of which have been 
p a r t i a l l y replaced by pyr i t e i n a matrix of mud and micro crystal l ine 
dolomite. 
Botany Gr i t . 
Many rook slices were examined from the Botany Gr i t . They 
showed that i t i s a coarse quartzose feldspathic g r i t , loosely 
cemented and containing three types of quartz: rounded to sub angular 
grains derived from pegmatitic quartz, guartzite and sandstone are 
present; grains from the l a t t e r show undulose extinction and the 
f i n e r grains are frequently surrounded by secondary s i l i c a . The 
grain size varies from 0.1 to 2 mm. but some grains are considerably 
larger. plagioclase feldspar i s usually oligoclase or andesine 
and cloudy, ser ic i t ized or pe r th l t i c orthoclass i s present. 
Microcline was present i n about ha l f the rocks examined. 
Muscovite i s rave, but b l o t i t e and i t s decomposition product, 
hydrobiotl te, are common. Pyr i te , zircon, r u t i l e , apatite, 
garnet and tourmaline have been found. Some i n t e r s t i t i a l kaol in i te 
occurs but most of the? cementing material I s los t i n grinding. 
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FAUNAL LISTS, 
Iron Pest Limestone. 
Avleulopecten ? 
Banquinollti £es plioatus (Portlock) 
r t lgifera (Phil l ips^ 
Nauti loid lndet. 
Tr i lob i te pygidia. 
Smeltmill Beck 
« 
N 
t l 
If 
tt 
I I 
Great Limestone. 
Aulophyllum fungites (Fleming) 
Ooryj&ia"? 
DiJbuno,p,nyllum bipartitum bipartitum (McCoy) 
D. blp art 1 turn RQnfficki*TBawards and Haime) 
Konln qfcopnyllum magnificum (Thomson and Nicholson) 
Lingala sou 
Sanquinollt 
Shale above Main Limestone. 
amlformis Ph i l l ips 
tes Bp. 
Sleightholme Beck, w ti 
Marine Band above' Middle Goal S i l l . 
Phonetes hardrensis (Phi l l ips) group 
0. (Semenewfa) sp. 
Nuculana attenuata (Fleming) 
River Lune 
« it 
M it 
L i t t l e Limestone. 
Ohonetge hardrensis (Phi l l ips) group 
cf. CToiffl^slta ambigua (J . Sowerby) 
Derby! a sp. 
Orthotetid 
Pro ductus (Avon! eft sp. 
P. UOroniay) 
p. (Ebmarginifera) lobatus J. Sowerby 
Pj. cf. lob axuV -var. 1 agueatus Muir-Wood 
t E^arJgjnlf er a) . 
cf . longieoiJ>us J. Sowerby 
Borrowdale Beck 
11 ti 
it it 
it u 
tt H 
t i t i 
M 
It 
I I 
212. 
L i t t l e Limestone (contd.) 
P. 
P. 
(Bomarginifer a) setosus Ph i l l ips 
Bp. 
Saooth Sp i r i f e r id spp. 
Bpl r i fe r sp. 
Spi r l fer t r igonal is (Martin) group 
Avi culope cten e f . 
Borrowdale Beck 
M M 
tt H 
tt tt 
H M 
It U 
Faraday House Marine Band 
Oamarotoechia pleuroflon (Phi l l ips) 
G. , . , . . pleurodon var. t r iplex? (McCoy) 
P. . sp. 
Phonetee hardrensis (Phi l l ips) group 
Productus (Buxtonia) sp. 
P. (Pi ctyoclo stus?) sp. 
P. (Eomarginifera) a f f . 
~ Tissingtonensis eambriensis Stubblefield 
Smooth Sp i r i f e r id 
Splrifer, .hisul catus, J. de P. Sowerby group 
Spl r l fe r (Spir i fere l l ina?) 
S. trigonal i s (Martin) group. 
Grassholrae Bridge 
H f t 
tt 
tt 
N 
tt 
tt 
It 
tt 
tt 
t l 
t l 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
tt 
Rookhope Shell Beds 
Llrocerae sp.. cf. L. l i ratum (Girty) Bink House 
Phonetes 
Lower Fell'bop Limestone 
po~l.lt a McPoy .(Tornquistia) cf. 
P. (3to.rft3ulstia) sp. 
Orbi culojdea sp. 
Orthoteild 
productus (Bomarginifera) lobatus J> Sowerby 
P. ' i Btomgrglnlfera) setosus PTiillips 
p"- ' afrf.. {Sinuatella) sinuatus de Koninck 
w f o r sp. 
moulopsls gibbpsa (Fleming) 
Posldonla sp. 
"pleurotomaria** sulcata P h i l l i p s 
atrfrparolus (Buomphalus) carbonarius 
*— * '• { j . de P. Sowerby) 
Straparolus s i . 
Prawlaw G i l l 
H tt 
Hunder Beck 
tt « 
tt tt 
tt .« 
n tt 
M tt 
Prawlaw G i l l 
tt tt 
tt tt 
tt H 
Hunder Beck 
Phonetes 
Mirk Fe l l Ironstones 
f^lA « H n B f t t f i H ) Sp. 
sp. 
Rowantree Beck 
tt t i 
213. 
Mirk Fel l Ironstones (contd.) 
0. sp. 
cf. Qomgosita ambigua (J . Sowerby) 
Derby!a sp. 
Orbleutoldea sp. 
P^a^Wa^Bfl^aggJjatitera) cf. lebatus J . Sowerby 
Splr j fef t b i M l e s t o J . de G. Sowerby group 
B. WjpmaLte (Martin) group 
Po giaopi a sp. 
Gasterepod indet. 
Tr i lob i te pygidiura 
Balder River 
Mlckle G i l l 
Balder River 
Rowantree 
«t M 
Miekle G i l l 
Balder River 
Rowantree 
f t M 
It tt 
Ooaleleugh Marine Beds 
Athyrid ? 
BgachyJbbyris plnquls (J . Sowerby) 
dhonejces CTorAquAStla) sp. 
gleiotnyjpldjna spT"* 
ProductUB (Eomarginifera^ longispinus 
J . Sowerby 
la sp. 
Eiulcatus J . de 0. Sowerby group oyDr3,caro.9xjL,a sp. 
tidmon&la aft 1. t>entonen_sls (Hind) 
Bdwondia sp. 
Kugfllama attenuata (Fleming) 
ifagule&kis cr. /gptoosa (Fleming) 
palaeonello mndml&ta t Phi l lips) 
^ M l l e s ure l Teeming) mut. ardenegsis 
Soul g i l l or Rowantree Beck 
it 
Straparoius (Baomphalus) carbqnarius 
~ — ( J . de C. Sowerby) 
Wor.thmla galrensis (Grey Thomas) 
GoleQlus aff. ca^onarlUB Demanet 
Ort^oMe nau t i io id spp. 
S^^Q^raa, sp. 
TyimamtMs. nodiferus (Armstrong) 
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Upper Felltoo Limestone. 
Zaohrentid ihdet. « 
cf. r*™;po«ita -amblgua (J . Sowerby) 
produiius sp. 
Solenpeus sp. 
Fish maex. 
Poecllodus .lonesi McOoy. 
Botany Limestone. 
Hyalostelia paral lela (McCoy) 
Aaima ratirormis smth 
mpunopnyilTO blBartltnm oralgianmn (Thomson) 
5* • - • •• blpartltutn konincki (Edwards and Haime) 
aaPhren.flB spp. " ' 
Llinoet rof lgn , junceum (Fleming) 
cr. Composite amblgua (J . Sowerby) 
Lelcrnyy.chns spp. , 
Martini a sp. 
Phrl eodo'ihyrls B P . 
f ro ductus (Avon! a) sp .. . _ t j5>ixt.on?a) 
cf. P. 
P. P. 
£ 2 . 
P^ , 
£L 
P. 
S P P 
,P1 ctygcxipstms ~ - — - aritlquatus Ph i l l i p s 
Dlc.tyoclostns grif f i thlanus de Koninck 
Dl.CtyoclOBtas) cf. muricatus P h i l l i p s 
Bicj&yoclc 
P-
P. 
P. 
- iostnsi Bemireticulatus (Martin) 
j Bl ctypclo stus) spp. 
. Cancrlnella) undatus Defranee 
Bchinocpnchue) of. elegans McCoy 
.E^inp.^nehua3) punctatus J. Sowerby 
aff. derbienalB Muir-Wood 
cf. longlsplnns J. Sowerby 
eetosfls Ph i l l i p s 
P. 
P* 
rjurazanla) sp. 
CKrotaTla) cf. aculeata J. Sowerby 
Llnoproductufl) sp. 
Pro ductus) concinnus; J. 
P. PustulaT] SinuateX 
Sowerby 
'a) sinuatus de Xoninck P. : _ ... 
Re,$ieKp.arla 7 
Sefaellweiaella sp. 
gohl.zephorla_resapinata (Martin) 
81100 th S p i r i f e r i d 
Solr l fer bisulcatus j ; de 0. Sowerby group 
Fenestella aff .pieBela (McCoy) 
tenor a sp. 
Edmondla sp."" M 
Lsmell 1 Branch indet. 
Llralpecten d iss lml l i s (Fleming) 
Parailedon sp. 
pecten s.T. _ v 
Shansiella cf . globes a (Grey Thomas) 
Stroboceras cf. subsulcatus (Phi l l ips) 
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